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CONTI NGENT VALUATI ON ASSESSMENT OF THE ECONOM C DAMAGES
OF POLLUTI ON TO MARI NE RECREATI ONAL FI SHI NG

(EPA Cooperative Agreenent # CR-814656-01-0)
Trudy Ann Cameron

Executive summary

The research performed under this cooperative agreement is summarized in
the contents of four papers. These are described in the follow ng sections.

1. ‘The Determ nants of Value for a Marine Estuarine Sportfishery: The
Effects of Water Quality in Texas Bays,” (also Wrking Paper #523, Department
of Economics, University ofCalifornia «t Los Angeles).

This paper gives a detailed description of the data collected in the

socioeconomc portion of the Texas Parks and Wldlife Creel Y
10,000 recreational anglers between May and Novenber of 1987. It also
Zes 2 Se data, which

I ncl ude ganefish abundance estimates we have calculated fromthe data
collected in the Texas Parks and Wldlife Resource Mnitoring Program water
quality data fromthe Texas Department of Water Resources, and five-digit zip
code soci odemgraphic averages from the 1980 Census.

The objective in this first paper is to fornulate special statistical
model s that produce estinates of each individual survey respondent’s
willingness to pay for access to the recreatio
pays along the Texas QIlf Coast. In this paper, no attenpt is made to force
t hese nodels to conformwth formal economc theories. Instead, ninimlly
sophisticated discrete choice econonetric nmedals are use'd in an attenpt to
establish the apparent _systematiC relatronships between Willingness to pay and

whatever —explanatory factors are available. These factors include:
daaaaidgics of the individual, thelr current catch, location and tinme of

the interview, typical gamefish abundance, and coarse neasures of several
di nensions of water quality by tine and location collected both by survey

personnel and separately by the Departnent of Water Resources.

The econonetric methods used in this analysis are specially designed to
accomodate the “limted dependent variable” nature of the data. The paper
describes the nathod by which maxinumTikelihood |ogit estimates can be
transformed to yield the inplied paraneters of anapproximation to the demand
function for recreational fishing access. In particular, we are interested in



price and incone elasticities of demand. But we also focus in this study on
the extent to which water quality, geographical and seasonal dumry variabl es,
soci oecononi ¢ and other variables act as shifters of this demand function.

For this portion of the study, there are mixed findings concerning the
effects of water quality on the value of the recreational fishery. A wide
variety of meteorological data and data on water qualgy_lﬁsdgval lable. In
MOst cases, however, I{ Wwas necessary (0 -aggregate these data up the |evel
of each of the eigh | or nd for h month of the sanple For
exanpl e, we know about average tenperature, di SSolved oxygen, turbidity, etc.
as well as nitrogen nitrate levels, phosphate levels, non-filterable residues,
oil and gas in bottom deposits, and a wide array of other qualities.

Whil e several of our water quality variables appear to make
statistically significant contributions to explaining willingness to pay for
fishing access, many of them have counter-intuitive signs. |t can be inferred
that water quality probably varies inversely with other unmeasured attributes
of anglers and the fishing resource that directly affect the value of the
fishery. For exanple, if there are fewer substitute recreationa
opportunities in the Houston area, recreational fishing opportunities my be
val ued very highly, but sinultaneously, the water quality may be very | ow.

The reverse may be true in nore renote areas of the coast. If we include
water quality, but omit alternative recreational opportunities (for lack of
data), then, it will appear that lower water quality inplies higher socia

val ues of the fishery. | suspect that sonething likethis is precisely what
i s happeni ng.

This study represents an heroic effort to assenble the nmpst appropriate
water quality data for the Texas CGulf Coast available from nmany different
sQurges . Countless hours went into matching and merging alT of This
information with the survey responses. Unfortunately, it is an enpirica
i ssue whether or not the anticipated relmionshipsmﬂll_%g%w up in these data.
This paper concludes That 1t w1t be necessary to control for other 1mportant
determ nants of value before the residual variation attributed-to measured
wat er qual ity can be unanbi guously identitied. However, there is ‘definite

evidence that respondents perceptions regarding environnental quality are moge
i medi ate determinants of value than the actual neasured qual £ty of the water.

e —— T

Wiile water quality apparently cannot be considered in this nuch detail
with the current dataset, other coarser sociodenographic variables, such as
incone, appear to have strong and intuitively plausible effects on val ues.
The apparent price elasticity of demand for fishing days (if a market existed)
appears to be roughly -2.2, meaning that if access cost anglers 1% nore
demand would decrease by 2.2% The income elasticity appears to be just |ess
than unity, inplying that recreational fishing opportunities are borderline
bet ween bei ng necessities and Tuxuri es.

There are other inplications of these nodels, also conditional on the
quality of the data. For exanple, geographical heterogeneity in the demand
for recreational fishing davs does seemto exist. The water quality
variables, collectively, seemto explain quite a lot of this geographic

variation, even if milticollinearity anong_these variables |inmis our ability
to attribute value differenices to specific individual dinensions of water

quality.
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The Non-market Value of Water Quality Attributes
Estimates for Texas’ Marine Estuarine Sportfishery

by
Trudy Ann Cameron

1. Introduction

Deci sions regarding the expenditure of public funds to enhance or
restore environnental assets have frequently been nade on the basis of purely
normative arguments. Until recently, the non-market benefits enjoyed
collectively by the consumers of environmental resources have been difficult
co determine. The objective in this paper is to quantify the effects of
variations in water quality upon the non-market value of the marine
recreational fishery along the Texas Qulf Coast. Knowing how water quality
affects the social value of this fishery will allow us to sinmulate changes in
that value as a consequence of policies which inprove water quality (or as a
result of decisions to allow water quality to deteriorate).

The “travel cost” method (TCM for val uing non-market resources has been
wi dely used but is frequently inappropriate for a marine sportfishery because
the point-to-point distance for these fishing trips is often poorly defined.
Destinations are diffuse and true opportunity costs for access are difficult
to measure. These problens with the travel cost method have made hypothetica
or “contingent” market surveys popular for eliciting resource val ues.

In contingent valuation (G) surveys, it seems to be particularly
difficult for respondents to state the precise value they would place on the
resource. Consequently, o.variety of value elicitation techniques are
enployed. Different strategies are suitable depending upon whether the
investigation relies upon personal interviews, telephone interviews, or mailed

guestionnaires.



One method is verbal “iterative bidding.” An elaboration of this
met hod, useful for in-person interviews or mail surveys, is the “paynent
card, “ where the respondent is nerely asked to scan a card and to indicate the
hi ghest amount willingly paid (or |owest conpensation willingly accepted) for
access to the resource. An extrene formof the iterative bidding strategy
involves only the first iteration: a single randony assigned value is
proposed and the respondent decides whether to “take it or leave it,” much as
in ordinary day-to-day market transactions. This “closed-ended CV' or
“referendunf question format econom zes greatly on respondent effort and
mnimzes strategic bias, but reduces estimation efficiency. The single
offered sumis varied across respondents, which allows the yes/no responses to
these questions to inply both the location and the scale of the conditiona
distribution of valuations. NMany nore responses are required to generate
equal Iy statistically significant paraneter estinmates for the valuation
function, but it is suspected that this value elicitation technique mninmzes
the wide array of biases which have bean ® rgued to plague the other CV
elicitation nethods.

At present, contingent valuation investigations are probably the nost
practical way to quantify the econom c benefits to «recreational fishery of
pol lution control activities. CV questions can often be appended quite easily
to regular creel survey instruments, so the marginal cost of gathering CV data
is relatively nodest.

In CV valuation nodels, respondents’ valuations of the resource are
presumed to depend upon (a.) characteristics of the respondent and (b.)
attributes of the resource (in this case, including the |evel of pollution and
indirect manifestations of pollution |evels such «s the degree of urbanization

and catch rates). A calibrated CV nodel can be used to simulate both (a.) the



randonly chose a starting value fromthe Iist $50, $100, $200, $400, $600,
$800, $1000, $1500, $5000, and $20,000, In addition, respondents were queried
regarding actual market expenditures during the current trip: “How nmuch wll
you spend on this fishing trip fromwhen you |left home until you get honme?”
This is as close as we can get to a measure of “travel cost.”

The same basic criteria for deleting particular observations are applied
inthis paper as are described in Cameron (1988a). The same caveats regarding
the sanple also apply in this case. The sanple enployed in this study is
slightly smaller only because our gamefish abundance data are drawn froma
separate source: the Resource Mnitoring Program of Texas' Department of
Parks and Wldlife. W have their data only for April through the end of
Novenber, so the few Decenber interviews in the survey sanple were sinply
dr opped.

The Resource Monitoring Program uses several types of fishing gear: gill
nets, bag seines, beach seines, traws, end oyster dredges. The Program
i nvol ves vast nunbers of sanples being drawn across the entire Qulf Coast.

For 1983-1986, we had over 23,000 sanples, wth conplete records of the
nunbers of individuals of each species collected in the sanple. Since |ow
tenperatures in 1984 resulted in esubstantial fish kill along the Texas Qulf
Coast, we utilize only those sanples drawn in 1985 and 1986 to construct our
abundance measures. Also, only gill nets capture the types of fish that
recreational anglers would be seeking, so we use only the catch using this
gear type. Still, we have roughly 5400 sanples to work wth.

One problem however, 1s that gill nets were apparently not used during
the nonths of July and August. So we must fill in for mssing data for these
two nonths. Fortunately, for each nonth and each of the eight major bay
systems along the coast, we typically have between 40 and 80 sanples in each
of the two years. Once we have conputed mean “catch per unit effort’for each

month and each bay, the tinme series for the April-Novenber data is fairly



Readers are referred to Cameron (1988a) for a vital preface to this

research. W avoid extensive duplication in this paper by presum ng readers

are famliar with the findings of the earlier paper.

2. Qutline of the Specification
As before, we will adopt the quadratic famly of utility functions, for

the sane variety of reasons explained in the earlier paper. W wll let U
denote direct utility, Y wll be inconme, and Mw | be current fishing day
expenditures (“travel costs”, roughly). A'so, g will be the nunber of fishing
days consumed and z (- Y - M) will denote consunption of other goods and
services. We will let A denote the abundance of red drum the primary
ganefish species. The quadratic direct utility function will thus take the

form:
(1) U'51z*ﬁzq*ﬁ:32/2+ﬂ¢zq+ﬂsqz/2'

where the g, are no | onger constants, but will be allowed to vary linearly

with the level of A B* - ;9“+»1.1 A J-1,...,5.

3. Data

The data used for this nodel consist of a 3318 observation subset of the
3366 observations used in the earlier paper. The data cone froman in-person
survey conducted by the Texas Departnment of Parke and Wldlife primrily
bet ween May e nd Novenber of 1987 (although there are a few observations for
the first days of Decenmber). The primary purpose of the survey is to count
nunbers and species of fish making up the recreational catch, but during this
particul ar period, e dditional economc valuation questions were posed to
respondents.

In particular, the contingent valuation question took the form “|f the
total cost of all your saltwater fishing last year was ____ nore, would vou

have quit fishing conpletely?” At the start of each day, interviewers



5
smooth for the seven nost usual species of game fish (red drum black drum

spotted seatrout, croakers, sand seatrout, sheepshead, and founder). V& have
used quadratic approximations for the My-Cctober range of the data to fill in
abundance estimtes for the two mssing nonths

Prelimnary atheoretic logit nodel s based upon the contingent valuation
data suggest that among the top three recreational target species--red drum
spotted seatrout, and flounder--only variations in the nunber of red drum have
a statistically significant effect upon the inplied value of a recreationa
fishing day. Consequently, we elect to enploy only the abundance of red drum
as a control for resource quality in this study.

The means and standard deviations for both the full sanple of 3366 and
the subset of 3318 responsesere given in Table 1. As can b. seen, the subset

Is still representative of the larger sanple.

4, Wility Parameter Estnmates

To assess whether or not the preference function differs systematically
with the level of gamefish abundance, we estimate two nodels. First, we re-
estimated the “basic” joint nodel fromthe earlier paper using just the subset
of 3318 observations. This specification constrains the g coefficients to be
I dentical across e |l l|evels of gamefish abundance. Then we generalize the
model by allow ng each g to be «linear function of A which involves the
introduction of five new a paraneters. Since the “basic” specificationis a
speci al case of the nmodel incorporating heterogeneity, a likelihood ratio test
I's the appropriate measure of whether A “matters.” Results for the two nodels
are presented in Table 2. The LR test statistic is 8.18. The 58 critica
value for a X%S) distribution is 11.07, and 10% critical value is 9.24. Thus
the LR test just fails to reject independence of the utility function fromthe
abundance of ganefish. (However, if one were to generalize the utility

function to include only the interaction termzA and its coefficient y, and



Table 1
Descriptive Statistics for Full Sanple and “Gamefish Abundance” Subset

Variabl e Descri ption Full Sanple Subset
(n- 3366) (n- 3318)

Y nedian househol d incone for respondent’s 3,1725 3,2772
5-digit zip code (in $10,000) (1980 Census (0.6712) (0.6705)
scaled to reflect 1987 income; factor-1.699)

M current trip market expenditures, assuned 0. 002915 0. 002927
to be average for all trips (in $10,000) (0.002573-) (0.002576)

T annual lunp sum “tax” proposed in CV 0. 05602 0. 05608
scenario (I n $10,000) (0.04579) (0.04576)

q reported total nunber of salt water fishing 17.40 17. 37
trips to sites in Texas over the |ast year  (16.12) (16.14)

| indicator variable indicating that respondent 0.8066 0.8071
woul d choose to keep fishing, despite tax T  (0.3950) (0.3946)

A Resource Mnitoring Program catch per unit - 0. 1487
effort of red drum (gill nets) by nonth and (0.06161)

by major bay system
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none of the other variables or 7 coefficients, the increnental inprovement in

the fit of the nodel would be statistically significant. The 0.5 percent

critical value of a X2(1) distribution is only 3.84.)

5. Inplications of Fitted Paraneter EStinates

In the earlier paper, several properties of the estimted nodels were
recommended for attention. Here, the properties of the fitted utility
function vary across |evels of ganmefish abundance, A Consequently, we wll
examne the fitted utility function at the subsanple mean of A (____) as
wel | as at several other benchmark levels. It is entirely possible to conpute
values for several interesting quantities for each individual in the sanple.
Here, however, we will focus initially on the “mean” consumer.

Tabl e 3 summarizes several properties of the fitted utility function for
t he several |evelsofgamefishebundance. As ® xpected, changes in ganefish
abundance substantially e ffect the value respondents place on access to this
fishery. Value in this case is neasured several ways. Conpensating variation
(QV) is the ampbunt of additional incone «respondent would require, if denied
accessto the resource, to nmake their utility level the same as that which
coul d be achieved with the optimal |evel of «ccess. Equivalent variation (EV)
Is the loss of incone which would |eave the respondent just as much worse off
as woul d «denial of access. W also conpute the equivalent variation for
partial reductions In the |evel of «ccess.

A visual depiction of the effectof gamefish abundance on the
preferences of anglers (defined over fishing days and all other goods) is
provided in Figure 1 for A=0.1and for A= 0.2. As anticipated,
indifference tunes for A - 0.2 have considerably greater curvature, inplying

that anglers are less willing to trade off fishing days for other goods when
gamefish abundance is higher. In contrast, with |ower abundance, the

curvature is considerably less, inplying that under these circunstances,



Table 2

Paraneter Estimtes for “Basic"
and “Gamefish Abundance” (A) Models

Par anet er Basi ¢ Model Abundance
Model
(n = 3318) (n - 3318)
By (2) 3.192 5. 039
(7.968) (6. 266)
A2 () 0.1191 0.1133
(19. 18) (10. 87)
By (2%12) -0. 08953 -0. 2622
(- 1. 056) (-1.322)
B, (20) 0. 002661 0. 004570
(1.967) (1. 164)
135 (¢%2) -0. 006862 -0. 006920
(-22.16) (10.31)
vy (zA - -12.85
1 (22, 390)
7. (oA - 0. 03166
(0.5281)
13 (2%A2) - 1.191
(0. 6256)
Y4 (z0A - -0.01112
(-0.4287)
75 (q%A12) - 0. 0004552
(0.1137)
va 16. 03 16. 03
(81. 46) (81.38)
P 0. 2354 0.2343
(9.187) (9.033)
Log L -15485. 96 . -15481. 870

“See Caneron (1988a) for discussion of the 4 and p paraneters.
X test statistic Is 8.18; at 10% | evel, X55) - 9.24.



We may be especially interested in the derivative of this fitted demand
function with respect to E It will depend not only on F and Y, but also on

the level of E itself:

(3) 8q/3E = ({2(B +7,E)F - (By+1,E) F* - (B4 E)] [v, + 1Y - v,F - 7,FY]
- [(B47,E) + (B+1E)Y - (B +7,E)F - (By+v,E)FY)
(2 v,F - 7,F* - 7,10 / [ 2B+ E)F - (B+1,E) F* - (B,+1,E) 12,

This formula is untidy, but can be readily conputed. Table 4 gives the val ues
of this derivative as well as the corresponding elasticity, (3q/éE)(E/q), for
the full range of integer values of E which are possible in the data.

A visual display of the effects of changes in E upon the configuration
ofthe fitted inverse demand curve for en individual with nean Y and F is
presented in Figure 2. (bserve that, e [thoush the demand function can be
highly non-linear in F, the fitted values of the parameters (for these data
and in conbination with the sanple mean e ngler characteristics) yield demand
functions which aree Inost linear, Each fitted demand curve passes through
the value of Fe nd the corresponding particular fitted value of g* (for each
E) forthis representative consuner. Notice thatvariationsin E, in the
fitted nodel, have rather dramatic e ffscts upon the inplied choke price for
access to the resource: the better the e nvironnental quality, the higher the
choke price.

The variation in the configuration of preferences, and the obvious
shifts in the demand curveses ofunction of E inply that the social value of
eccess to the fishery will depend upon the subjective level of e rw ronmental
quality et fishing sites. To illustrate this sensitivity, we have conputed
the e quivalent variation for econplete |oss of access to the resource, as e

function of E, for a representative consunmer with sanple mean |evels of Y e nd



Table 4

Optimal Demand, Derivatives end Elasticities
wt Environmental Quality
(evaluated at nean Yand F, n = 3366)

q* dq/dE (3q/dE)(E/q*) EV for conplete
| oss of access

OO 1O LW —

o

14.72 0. 2876 0. 01953 $ 1046
14. 97 0. 2260 0.03018 1264
15.18 0.1822 0. 03601 1499
15. 34 0.1501 0.03912 1751
15. 48 0, 1257 0. 04060 2022
15. 60 0.1068 0. 04110 2314
15.70 0. 09193 0. 06100 2630
15.78 0. 07993 0. 04052 2971
15. 86 0.07014 0.03981 3340
15.92 0. 06204 0. 03896 3741




F.  These equivalent variations are also given in Table 4 Bear in mnd that
the range of E from6 to 10 accounts for approxi mately one standard deviation
on either side of the mean value reported in the sanmple. The EV estimates in
Tabl e 4 suggest that for a typical @ ngler, inproving e nvironnental quality
fromthe “6” level to the “10" level would e dd e pproximtely $1400 to the
annual value of access to the fishery (an increase of over 50%.

This val ue nust be considered in relation to the e ctual distribution of
Evalues in the sanple. Tables 5 end 6 give the details of these responses.
Al nost 40% of the sanple is conpletely satisfied with current environnental
quality. This suggests an alternative “sinulation” based on the fitted nodel.
I nstead of sinply considering the mean @ ngler, it is @ [so possible to sinulate
changes in E for each individual angler in the sanple. Under current
conditions, the equivalent variation for a conplete |oss of eccess varies over
the sanple from $648 to $4235, with «nean of $3037 andestandard deviation
of $778. If we take e very respondent who reported «subjective e nvironmental
quality level of less than 10 e nd increase their value of E by one unit, the
distribution of these fitted equivalent variation values can be expected to
change. In fact, the new fitted values vary from $839 to $4238, with «nean
of $3253 and .standard deviation of $71S. Thus the increase in the nean of
the e quivalent variations, whenwe inprove by on. unit the ® xperiences of
those who were less than conpletely satisfied experience currently, is
o pproximately $216. If we could scale this up to thee ntiro population, this

represents an increase in the social value of the fishery of e pproximtely

6.6%

6. Subjective Environmental Oualities as a Function of Phvsical Measures
The subjective e nvironmental quality question on the Texas Parks e nd

Wldlife Surveye licits information e bout overall e nvirornntsl quality. W
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do not presently have access to typical or specific air quality neasurenents
for different areas along the Texas Qulf Coast, but in the course of related
research (Caneron, 1988h), we have attenpted to determne how a variety of

water quality measures ore related to respondents’ subjective essessments of

environmental quality.

Fromevariety of auxiliary sources reported In Cameron (1988h),
including the Texas Department of \Water Resources, and the Resource Mnitoring
di vision of Texas Parks and Wldlife, w have obtained data on the
characteristics of tens of thousands of water sanples over the few years up to
and including the time period of the valuation survey. Mst of the water
qual ity “parameters” have been averaged by nonth e nd by e ach of the e ight
maj or bay systems along the Texas GQulf Coast. A few.re evailable only by bay
system  (See the original document for details.)

Table 7 reproduces the results for E regressed on e.variety of water
qual ity parameters in an e d hoc specification. Not surprisingly, the
relationship between the subjective environnental quality neasure and
“typical” water quality is quite weak. For this reason, we do not devote
space in this paper to «discussion of the e xplanatory variables. The reader
Is referred to Caneron (1988h) for this information. Certainly, nmany nore
physical factors wll e ffect perceptions than sinmply the few for which we have
measurements. Attributes of the respondent cane |so b. e xpocted to have some
i npact upon the subjective assessments of e mlronnental quality. O her
regressions reported in the e ppendices of Cameron (1988b) e xam ne the
influence of socioeconom c variables on these responses. They e |so e stablish

the presence of sow seasonal and geographical variation.



Table 7

QLS Regression of “Ability to Enjoy Unpolluted
Natural Surroundings: on Measured Water Quality Variables

F- TEST 4. 217

0BS 695

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERRCR PARAMETER- O
| NTERCEP 8.334 1, 860 4.481
MTURB 0.001600 0.01016 0.158
MBAL 0.01851 0.01795 1.031
MDO -0. 2415 0.1387 -1.742
TRANSP 0. 02034 0.01311 1,551
DI SO 0.2204 0.1077 2.047
RESU 0. 005304 0. 006889 0.770
NH4 6. 053 3. 659 1.654
NI TR -2. 236 1.155 -1.936
PHOS 2. 357 1.700 1. 386
HOA -0.002728 0. 02576 -0. 106
LOSSI GN -0. 009637 0. 02440 “0.395
O LGRS -0. 003734 0. 001145 -3. 261
CHROVB 0. 02663 0. 02361 1.128




The Vietnanese, as opposed to other cultural groups, seemto have

markedly different preferences for fishing than the popul ation as a whole.
ane?/] spent on associated market goods, once thought to be a reasonable proxy
fo, the non-market value of a fishery, is positively related to the value of a

fishing day (but typically conpletely unreldfed T0 catch ratesy.— rnportantty,
“many other explanantory variablees make strong coniribufions to explaining the
annual val ue of fishing day access; Igumce sol el y upon market expenditures

coul d severel y misstate resource values. _

The prelimnary specifications explored in detail in this paper produced

results that were suffici entlty provocative to warrant further analysis of
these data. It was decided fhat placing alittle more structure on the nodel

mght help. Hence the next paper.

2. “Conbining Contingent Valuation and Travel Cost Data for the Valuation of
Non- mar ket Goods,” (a retitled major revision of Working Paper #503,

Department of Economics, University of California at Los Angeles).

This second paper takes advantage of the general sense of the data
derived from the extensive exploratory nodeling described in the first paper.
It has been determned that there are several apparently robust systematic
rel ationships between willingness to pay for access to the fishery and ot her

measurable variables. Wth this established, one can be nore confident that

It is worthwhile to undertake further nodeling that is more solidly founded

upon neocl assi cal macroeconom c principles.

| amvery pleased with the quality of this paper. It devel ops a new
met hodol ogy, enpl oying novel and very sophisticated econonefric techniques
appropriate to the special features of the data. The analysis 1s particularly
care ful and rigorous and many tangential issues are considered thoroughly.

The sinplest nodel of consumers’ utility maximzation posits that
consuners have preferences defined over two types of commodities: the good in
question sportfishing days) and a conposite of all other goods and services.
More of both of these things makes them happier, but they are constrained by
their budgets. They nust trade off other goods andservicesin order to
consune an additional fishing day, and vice versa. They allocate their
Tmted budge ts between fi1shing days and other things so as to maximze their
| evel of happiness.

Al model s of this type are, of course, dramatic sinplifications of the
real world, but they frequently provide very yseful insights into the
essential features of consumer behavior.— Tndividuals wiih different
socl odenpgraphi ¢ characteristics, ynder different resource conditions, wll

make different consunption decisions. This type of variation allows us to
calibrate a nodel which can then be used to Sinulate the likely responses of

particular types of individuals if their decision making environment changes.
While these nodels cannol be expected to do very well in predicting the actual

response of aspecitic individual to some change, they can performfairly well
T the aggr egat €.




Earlier research enploying these “utility-theoretic” nodels for the
val uation of a non-narket good such as sportfishing access occasionally used a

technique known as the travel cost nethod. If fishing days can be considered
as_a single honogeneous good, information on the cost of a sin and the _

“umber of trips taken can be combined to yield a nodel of demand for fishing
days . This is the rel ationship between theinplicit price of access and— the
-nunber of days demanded, with accommodation for whatever shift factors

(income, resource quality, etc.) can be quantified.

Other attenpts to value recreational fishing days have relied upon
“contingent valuation” survey techniques, where survey participants_are
queried about the decisions they think they would make 1T a hypothetical
market for 1ishing days existed (i.e. 11 they had to pay a per-day entrance
f ee or purchase a season' s pass to fish). The discrete choice form of
contingent valuation question was posed on the Texas parks and Wldlife Creel
Survey.  Respondents’ answers about whether or not they would be willing to
pay an arbitrarily selected annual fee to continue fishing were analyzed in ad
hoc models in the first paper discussed above.

In the paper being described here, however, the nmathematical form of the
discrete choice nodel is carefully selected to conformto an underlying famly
of consumer preference functions with desirable propert ies fromthe point of
view of economic theory. By doing this, the calibrated nodels can ultinmately
be solved to yield corresponding estimates of the formal welfare neasures of
val ue, including equivalent variation and conpensating variation.

The primary methodol ogi cal innovation in this paperistoconbine both
-travel cost and discrete choice contingent val uation data in one conprehensive
Both methods of eliciting valuation infromation from survey
respondents should provide insights regarding the sane Preference Structure.
V¢ can conbi ne the two different perspectives for a more thorowgh
“Characterization of consunmer behavior.

In the basic nodel in this paper, all fishing days are treated as
._honogeneous and consuner choi ces regarding f1shing access depend only upon
their taste for fishing._theirincones, and the price of access to a fishing
day. Wen this nodel is explored thoroughly and shown to be relatively
successful, the assunption that all fishing days are identical is relaxed.

The illustrative generalization explored in this paper is to allow
preferences for fishing days (versus all other goods and services) to vary
systematically with the zip code proportion of people reporting Vietnanese
heritage on the 1980 Census. This is an inperfect measure of the respondent’s
own soci odenographi ¢ category, but we anticipate at |east some correlation.
The proxy turns out to be a significant shifter of preferences. The higher
the proportion Vietnamese, the less willing is a representative consumer to
trade off fishing days for other goods. Likew se, the greater will be their
demand for fishing days at any relative price and the greater woul d be the
cost to themof having to forgo sone or all of their fishing access.

The paper provides detailed enpirical estimates of the welfare values
associated with changes in fishing access. However, these dollar values are
conditional upon the extent to which the data we are using actually capture
t he concepts prescribed by the mcroecononic theory underlying the
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8. Concl usions

Cearly, there is good evidence that angler’s value of the fishing
experience is affected by their subjective assessment ofenvironmental
quality. For this small sanple fromthe Texas survey, ® || ow ng for
het er ogeneous preferences which vary with environmental quality nakes e
statistically significant inprovenent in the e cononocric model «t e |nost the
5% level . Despite the fact that we have lunmped e || other goods in the
consunption bundle into «single conposite, the fundamental regularity
conditions for a utility-theoretic nmodel are satisfied. O course, eIl of the
caveats mentioned in Cameron (1988a) e nd Caneron (1988b) e I so ® pply to this
anal ysis, so the results nust be interpreted with some caution.

Unanbi guously, if anglers' perceptions of e nvironnental quality can be
inmproved, our nodel indicates that the social value of the resource will be
increased (and vice versa, of course). What 1s clear, however, is thate
better Iink nust be forged between perceptions e nd e ctual physical quantities
of pollutants (both eir and water). W need to know just what It takes to
rai se someone’s response fromen 8 toe9 on this type of Likert-scale
question. This will require cooperation between physical e nd social

scientists.



11

REFERENCES

Caneron, Trudy Ann, (1988a) “Enpirical Discrete/ Continuous Choice Mdeling for
the Valuation of Non-market Resources or Public Goods,” Wrking Paper
#503, Department of Economi cs, University of California «t Los Angeles,
Sept enber .

Cameron, Trudy Ann, (1988b) “The Determinants of Value for «Mrine Estuarine
Sportfishery: The Effects of Water Quality in ‘Texas Bays,” Discussion
Paper # Departnent of Economics, University of California «t LOS
Angel es, Septenber.



specification. The data are far fromideal. Consequently, it would not be
appropriate in this sunmary to uphold the dollar values as unanbi guous. The
Texas data are by far the best | had encountered up until that time. But it
is crucial that this set of papers be regarded as demonstrations of the tyges
of analyses that can be conducted. If results as satisfying as these can be
achieved with mediocre ingredients, then subsequent surveys can be conceived
and inplenmented to take nmaxi mum advantage of the methodol ogi cal framework.
These future studies will undoubtedly produce final enpirical value estimtes
whi ch can nore confidently be used as a basis for policy making.

Wth these qualifications, and others described carefully in the paper,
sone of the welfare estimtes can be nentioned. For exanple, according to the
basic nodel, if fishing days were curtailed by 10% the average survey
respondent woul d | ose an amount of satisfaction roughly equivalent to the |oss
of $35 of incone per Fear (al though individual |osses range from$19 to $52).
A 20% curtail ment would match an income |oss of $139, on average. Sinmulating
a conplete loss of access is riskier and |ess realistic, but the nodel
suggests that the average respondent woul d be hurt by about $3400.

Ceneralizing the nodel to accommodate sociodenographic heterogeneity
(proportion Vietnanese in zip code) shows how the fitted preference function
is markedly different (for an otherw se typical respondent) when this
proportion ranges fromOto 2% Plots of the estimated “indifference curves”
and budget constraints nake these differences particularly obvious.

The paper al so breaks new ground by freeing up certain parameter
restrictions within the jointly estimated nodel so that the travel cost and
contingent valuation data are allowed to inply different preferences. A
scheme is al so developed for allowing differential weighings in the pooling
of these data, according to the perceived relative reliability of these two
types of information.

3. “Using the Basic ‘Auto-Validation" Mdel to Assess the Effect of
Environmental Quality on Texas Recreational Fishing Demand: Wlfare
Estimates,” (also Wrking Paper #522, Department of Econom cs, University of
California at Los Angel es)

The initial exploratory study described above (which enployed all of the
avai | abl e data and used ad hoc nodels) suggested that measured objective
di mensions of water quality did not always have clear cut and intuitively
plausible effects on willingness to pay for access to sportfishing
opportunities. An alternative possibility is that people's preferences for
sportfishing are affected by their perceptions of environnental quality, not
by what is actually out there. (What you don’t know won’t hurt you?) The
creel survey asked respondents’ subjective opinions about whether they were
able to enjoy “unpolluted natural surroundings.” Answers were recorded on a
scale of one to ten. In this supplenental paper, we allow preferences to take
on systematically different configurations depending upon these answers.

Various welfare inplications can be derived fromthe fitted nmodel, again
with the sane caveats nentioned in the above two sunmaries. The anount of
income |oss that would be equivalent to a 10% cutback in access to the fishery
is roughly $29 per year at the nean level of the subjective variable (8.07).



If environmental quality is perceived to be a 10, the loss would be about $37
per year. In contrast, if the quality is only 6, the loss of access would be
only, $23. For a conplete loss of access, the decrease in value at the nean,
at 10 and at 6 woul d be about $2400, $3000, and $1900 respectively. (Note
that only a smaller subsanple of the data could be used for these nodels,
since not all respondents were queried regarding environmental quality.)

Thus, we find that perceptions of environnental quality do affect
preferences for fishing days as opposed to all other goods and services, and
thus the value of access to the fishery will alnost certainly be influenced by
perceptible variations in water quality. Furthernore, we can show that
respondents’ answers to the “unpolluted natural surroundings” questions are
statistically related to several of the measured water quality attributes
examned in the first paper described above. However, it is clear that nore
research will be necessary to establish how objective water and environnental
qual ity data can be translated into individual perceptions.

Wth infinite and free conputing resources, it would be desirable to
all ow preferences to differ systematically according to the |evels of a whole
range of shift variables. At present, however, there w.sno budget for such
an el aborate model, so we were limted to exploring single shift variables
i ndependently.  (Each shift variable adds five new unknown nodel paraneters to
be estimated.)

4. “The Effects of Variations in Ganefish Abundance on Texas Recreational
Fi shing Demand: Wlfare Estinmates.”

Keeping in mind the lintations on conplexity, a second supplementa
paper was al so devel oped. Whether or not the value of this recreationa
fishery is dependent upon the abundance of ganefish is another question of

vital interest to policy makers. Ideally, one would neasure all of the major
ganefish species (there are seven or eight, described in the first paper,
above ) . For this illustration, however, we opt to concentrate upon red drum

As a neasure of red drum abundance, we could have used each individual’s
reported catch of red drumon the fishing trip when they were surveyed, but
this catch is dependent upon skill levels, which will be related to the
i ndividual’s resource value. This is undesirable. Consequently, we rely upon
data produced by the Parks and WIdlife Resource Mnitoring program W used
data fromthe thousands of official samples collected by this program and
aggregated up to average abundance neasures by bay system and by month. These
data are only proxies for the actual |ocal abundance of red drum experienced
by recreational anglers in each area and nonth, but they are conpletely
unrelated to angler skill. Thus we hope to avoid simultaneity bias in the
resulting estinates.

This nodel, augmented to control for red drum abundance, lets us explore
the likely changes in the social value of access to the fishery when the
abundance of red drum changes. Again subject to extensive caveats, we find
that the incone |oss that would be equivalent to a 10% reduction in fishing
access is roughly $35 at nean abundance of red drum |f abundance was higher
by 20% the sane reduction would hurt anglers by an average of $40. If
abundance was |ower by 20% the decrease in access would be equivalent to
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angl ers consi der other goods to be relatively better substitutes for fishing
days. For exanple, when A= 0.1, the sane change in the relative price of a
fishing day will lead to a larger decrease in the optiml nunber of days
consurmed than when A - 0.2.

In addition to the properties of the utility function and its
correspondi ng Marshal | ian demand functions, we nmight be interested in
cal cul ating the derivatives of these Mirshallian demand functions wth respecc
to the level of the A variable. The Mirshallian demand function for the nodel

with heterogeneity is:

(2) q = [ (B;#1,A) + B+ A)Y - (Bi+y A)M - (B +y,A)MY ] /
[ 2 (BA1 MM - (By+v,A) M = (Bgtreh) |

Figure 2 plots the inverses of these fitted Mirshallian denmand functions
(with eccess days g on the vertical axis, end.tho price ofaccesson the
horizontal axis). These demand curves are drawn for an individual with nean
income Y and nean travel costs M

As A varies from0.0to 0.1 to 0.2 (conpared to the actual nean val ue of
0.1487), these denmand curves shift out further and further. Chserve that,
al though the demand function can be highly non-linear in M the fitted val ues
of the paraneters (for these dat a and in conbination with the sanple nean
angl er characteristics) happen to yield demand functions which are al nost
l'i near.

Notice that variations in A in the fitted nodel, have rather dramatic
effects upon the inplied “choke price” (resonation price) for access to the
resource: the grater the ganefish abundance, the higher the choke price.
This can be interpreted «s inplying that with greater levels of preferred
gamefish abundance, higher and higher prices for access woul dbe willingly

paid before individuals will cease entirely to go fishing.
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Table 3 also gives the utility maxim zing nunber of fishing days
demanded, g, at the sanple nean values of Mand Y as a function of the
changi ng | evel s of ganefish abundance, A. Note that this optiml nunber of
days is not very sensitive to A This is a consequence of the fact that
changes in A seemto have a substantial effect upon the curvature of
indifference tunes; they have less of «n effect on their |ocation

The variation in the configuration of preferences, and the obvious
shifts in the demand tunes as a function of Ainply that the social value of
access to the fishery will depend upon the |evel of gamefish abundance at
fishing sites. To illustrate this sensitivity, we can concentrate upon the
equi val ent variation for a conplete |oss of access to the resource, as a
function of A for a representative consumer with sanple nmean levels of Y and
M These variations can be detected by scanning scross the colums in Table
3. Table 3 suggests that for «.typical e ngler, inproving ganefishe bundance
(red drumonly) by a factor of 1.5 tines its current level of A - .1487 woul d
i ncrease the annual value of access to the fishery by ebout 369 end inproving
abundance by 1.2 would increase access values by about 12% In contrast,
decreasi ng abundance to 0.8 of its current level would decrease the annua
val ue of access by about 10% decreasing abundance to 0.5 of its current |evel
woul d decrease access values by 22% If it is safe to extrapol ate these
estimates (based on functionally “local” variations in actual abundance
|l evel s) to a scenario where red drumare conpletely elimnated, the loss in
access values would be ebout 37% (Renamining val ue woul d derive fromthe
catch of other species, and fromthe non-catch utility derived from fishing

days.)

6. D scussion and Concl usi ons

As nentioned above, a full explanation of the enpirical innovations

embodied in the use of a joint contingent valuation/travel cost nodel for



Table 3

Propert ies of the Fi tted Utility Function (for "Mean" Gosume)
(n - 3318; valid sample with e vailsbl. abundance data)

Propert y e t L.5(neanA) e t 1.2(mean A) o t mean A e t0.8(mean A) o t0.5(mean A) et A-0
utility Function
Par anet érs:
I 2.173 2.746 3.129 3.511 4,084 5,039
py* 0.1204 0.1190 0.1180 0.1171 0.1157 0.1133
By 0.03545 -0.04961 -0. 00504 -0.1205 -0.1736 -0. 2622
[ 0.002089 0.002586 0. 002916 0. 003247 0. 003743 0. 004520
By* -0.006510 -0.006838 -0. 006852 -0. 006865 -0. 006886 .0. 006920
Function Mxi mum
z* -528.08 57.40 37.93 29. 98 24.16 19.73
q* -144.18 39.10 33.37 31.23 29.93 29.60
Demand Elascicity wrt
price -0.05569 -0. 06598 -0.0?278 -0.07915 -0. 08919 -0.1063
income 0.05568 0.07288 0. 06428 0. 09529 0.1121 0. 1405
Optinal number of 17.65 17.45 17.31 17.17 16.97 16. 62
Access days (q)
ig Variation
for Complete Loss of $4873 $4046 $3620 $3266 $2835 $2299
Access
Equivalent Variation
for Conplete Loss or $4796 $3943 $3515 $3164 $2741 $2221
Access
N for Access Restricted
100 of Curent  Fitted Level,
fora -
0.1 $3885 $3196 $2850 $2566 $2223 $1801
0.2 3069 2527 2254 2029 1758 1425
0.3 2350 1936 1727 1555 1348 1092
0.4 1726 1423 1270 1143 991 803
0.5 1199 988 882 795 689 558
0.6 767 633 565 509 441 357
0.7 431 356 318 286 248 201
0.8 192 158 141 127 110 89
0.9 48 40 35 32 2a 22




valuing a recreational fishery is given in Caneron (1989). This paper
represents a specific generalization of the nodel which allows the paraneters
of the direct quadratic utility function to vary systematically with the |evel
of just one species of ganefish. W have selected the nost popul ar ganefish
species (red drum. A nore elaborate nodel, of course, could let the utility
paraneters vary systematically with any nunber of characteristics of the
resource, not just the abundance of a single species of ganefish

Since we concentrate only upon red drum abundance, even the reduction to
zero of red drumstocks (in the nost extreme sinulation described in the |ast
section) will not |ead everyone to cease fishing entirely. Qher species of
gamefish will remain. In this specification, variations across |ocation and
month in red drum abundance may be correlated with the abundance of other
species. If this is the case, our red drum abundance nmeasure will be
capturing variations in the abundance of nore than one species. Nevertheless,
we do not capture the distinct effects of any seasonal or |ocation variation
in species abundance that is uncorrelated with red drum e bundance.

The simulated variations in red drum e bundance used as illustrations in
this paper are by far the coarsest sinulations that could be generated by a
model such as this. W have concentrated solely on variations in e bundance as
they woul d affect erepresentative consumer with mean incone end travel costs
However, since each individual's estimated preference function depends on the
abundance of red drum during the nonth and in the bay systemin which they are
fishing, the nodel is perfectly able to sinulate the inpact upon the value of
fishery access to individuals of forecasted changes in red drum abundance
either by nmonth or by geographical area. As the configurations of
individual s’ indifference curves change, so will their optimal nunber of
fishing days and the equival ent variation associated with partial or conplete

| oss of access.
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The intent of this paper, therefore, is to illustrate the versatility of

the constrained, jointly estimated contingent valuation/travel cost nodel for
recreational fisheries valuation. It is satisfying to find thoroughly

pl ausi bl e changes in econonic quantities as a consequence of exogenous
variations in resource characteristics. This generalization of the “conmon
utility function” nodel to a “systematically varying utility function” nodel

shoul d serve as a very useful prototype for subsequent research.
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Using the Basic “Auto-validation” Mdel
to Assess the Effect of Environnental Quality
on Texas Recreational Fishing Demand: Welfare Estimates

by

Trudy Ann Caneron
Depart nent of Econom cs
University of California, Los Angeles 90024- 1477

ABSTRACT

In «n extensive earlier paper (Caneron, 1983a) we devel oped «fully
utility-theoretic nodel for the demand for recreational fishing access days,
applied to «sanple of 3366 Texas Gulf coast ® nglers. The nodel e ISP10YS
“contingent valuation” and “travel cost” data, jointly, in the process of
calibrating e«single utility function defined over fishing days versus all
ot her goods e nd services. The theoretical specification (quadratic direct
utility) and the econometric inplementation wll not be reproduced here.
Instead, we focus specifically on the inplications of en extension to this
model. W& @ nploy a subset of 506 observations fromthe sane survey for which
respondents were asked to indicate their ex post subjectiveessessnent of the
environnental quality «t the fishing sits. Ve e now the parameters of the
underlying utility function to vary systematically with tke perceived |evel of
environmental quality to «ssess the inpact of e nvironmental factors on the
demand for access days. Treating the 10-point response scale for
environmental quality (Ef as a continuous variable, we find (among ot her
results) that for the average ® ngler inproving Efromone standard deviation
bel ow the nmean to one standard’ deviation above increases the value of the
fishery (neasured by equivalent variation) by about $1400 (about 50%.

* This research was supported in part by EPA cooperative agreenent
#CR- 814656- 01- 0.



Using the Basic “Auto-validation” Mdel
to Assess the Effect of Environmental Quality
on Texas Recreational Fishing Demand

1. Introduction

In Caneron (1988a), we derived e nd e stimated the paranmeters of .
quadratic utility function for «trimed sanple of Texas @ulf Coast
recreational fishernen. The utility function, in its sinplest form is
defined over fishing «ccess dayse nd all other goods e nd services (income).

The novelty of that paper is prinmarily its utilization of efully utility-
theoretic framework for @ nalyzing both “contingent valuation” (CV) data
(respondents antici pated behavi or under hypothetical scenarios) and “trave
cost” data (respondents’ actual behavior in the consunption of eccees days).
The latter formof data gives us «feel for the consequences of snmall |oca
variations in sccess prices; the fornmer provides additional information
however hypothetical, regarding nore drastic changes in the consunption
envi ronnent .

The earlier paper devel ops the basic specification end goes on to
consider several extensions to that basic nodel: discounting the influence of
the CV data in the estimation process; estination wthout travel coet data
(only income e nd consunption); and the e ccomnodstion of heterogeneous
preferences. In the last category, we denonstrated that it is straightforward
to @ dspt those nodels to e now for systematic variation in the preference
function according to geographical or sociodenographic factors.

In this paper, we will ® gain enploy heterogeneous utility functions, but
we Wi ll only be able to @ xploit a subset of the data. W wish to concentrate
upon the potential e ffects of respondents’ perceptions e bout e nviromanta

quality on their demand (valuation) of eccess to the recreational fishery.



Readers are referred to Cameron (1988a) for a vital preface to this

research. W avoid extensive duplication in this paper by presum ng readers

are famliar with the findings of the earlier paper.

2. Qutline of the Specification

As before, we will adopt the quadratic famly of utility functions, for
the same variety of reasons explained in the earlier paper. W wll let U
denote direct-utility, Y wll be income, end Fwll b. current fishing day
expendi tures (“travel costs”, roughly). Aso, g will be the nunber of fishing
days consuned and z (- Y - Fg) will denote consunption of other goods and
services. W will let E denote subjective environnental quality. The

quadratic direct utility function will thus take the form
(1) Ueg z+8,q+8, 202+ 8,20+ 8, ¢°I2,

where the g,ere nolonger constants, but will beellowed tovary linearly

with the level of E B* = B, + 1, E, ji-1,...,5.

3. Data

The data used for this nodel consist of a 506 observationsubset of the
3366 observations used in the e arlier paper. The data come from an in-person
survey conducted by the Texas Departnent of Parks and WIldlife between Hay and
Novenber of 1987. The primary purpose of the survey is to count nunbers e nd
species of fish making up the recreational catch, but during this particular
period, e dditional e conomc valuation questions were posed to respondents.

In particular, the contingent valusation question took the form “If the
total cost of ell your slatwater fishing last year was ____ nore, would you
have quit fishing conpletely?” At the start of each day, interviewers

randomy chose ostarting value fromthe |ist $50, $100, $200, $400, $600,



$800, $1000, $1500, $5000, and $20,000. In addition, respondents were queried
regarding actual market expenditures during the current trip: “Hownuch will
you spend on this fishing trip fromwhen you |eft home until you get honme?”
This is as close as we can get to a neasure of “travel cost.”

The sane basic criteria for deleting particular observationsere ® pplied
in this paper as are described in Cameron (1988a). The same caveats regarding
the sanple also apply in this case. The sanple enployed in this study is
smal | er only because the ex post subjective environmental quality questions
were asked of only approximtely one-eighth of the full sanple. This question
was just one of eight rotating questions on special issues.

The precise wording of the environmental quality question was “To what
extent were you able to enjoy unpolluted natural surroundings [during this
fishing trip]?” Responses were given on eLikert-type scale of 1 to 10, with
10 being highest, The nmeans e nd standard deviations for both the full sanple
of 3366 e nd the subset of 506 responses «re giveninTable 1. As can be seen,

the subset is fairly representative of the larger sanple.

4. Usilicy Parageter Estimates

To «ssess whether or not the preference function differs systematically
with the level of environnental quality, wee stimate two nmodels. First, we
re-estimate the “basic’joint nodel fromthee arlier paper using just the
subset of 506 observations. This specification constrains the 8 coefficients
to be identical ecross ell levels ofenrirornntal quality. Then we
generalize the nodal by @ |lowing each #to b. elinear function of E which
invol ves the introduction of five new a paraneters. Since the ‘basic”
specification is a special case of the model incorporating heterogeneity, a
likelihood ratio test is the ® ppropriate neasure of whether Ee matters.”

Results for the two nodels are presented in Table 2. The LR test statistic is



Table 1

Descriptive Statistics for Full Sanple and ‘Environnmental” Subset

Variabl e Descri ption Ful | Sanple Subset
(n - 3366) (n- 506)

Y median household incone for respondent’s 3.1725 3.1681
5-digit zip code (in $10,000) (1980 Census (0.9995) (1.0134)
scaled to reflect 1987 income: factor-1.699)

F current trip market expenditures, assuned 0. 002915 0. 003255
to be average for all trips (in $10,000) (0.002573) (0.002767)

T annual lunp sum “tax” proposed in CV 0. 05602 0. 05661
scenario (in $10,000) (0.04579) (0.04770)

q reported total nunber of salt water fishing 17.40 15.78
trips to sites in Texas over the |ast year (16.12) (15. 32)

| indicator Variable indicating that respondent 0.8066 0. 7905
woul d choose to keep fishing, despite tax T  (0.3950) (0.4073)

E Likert-scale subjective ex post assessnent - 8.073

of current environnmental quality at site (2.177)




Table 2

Paranmeter Estinmates for “Basic”
and "Environnental” Mdel s

Par amet er Basic Model Envi ronnent al
Model
8, (2) 1.381 1.218
(1. 080) (0. 6385)
82 (q) 0.1109 0. 04825
(6. 635) (1.051)
Is3 (2%2) 0.6173 1.081
(1.526) (1. 106)
8, (z0) 0. 008387 0. 006219
(1.990) (0. 6773)
Bs (q2/2) -0. 008041 -0.0037s5
(-8.611) (-1.383)
v (zE) 0.0780S
(0. 4168)
v2 (E) . 0. 007991
(1. 389)
13 (2%€2) . -0. 07346
(-0.6631)
74 (205 - 0. 0003104
(0. 1882)
Ts (ng 2) - -0. 0005533
(- 1. 664)
Ve 15. 13 15. 15
(31.79) (31.76)
P 0. 2929 0. 2975
(4. 631) (4.637)
Log L -2339. 80 -2334. 69

2 See Caneron (1988a) for discussion of additional paraneters.



Properties of the Fitted Utility Function

Table. 3

Property E- 10 E- 8.0731 E-6

Uility Function

Parameters:
B * 1.998 1.848 1.686
Bo* 0.1282 0.1128 0. 09619
By* 0. 3467 0.4883 0. 6406
BL* 0. 009326 0. 008726 0. 008082
Be* -0. 009288 -0, 008222 -0. 007075

Function Saddl e

Poi nt :
z* -5.973 -3.954 -2.764
q* 7.802 9.518 10. 44

Demand El asticity wt
price -0. 06034 -0. 07351 -0. 09211
I ncome 0. 1623 0. 1610 0. 1593

Conpensating Variation

for Conplete Loss of $3742 $2970 $2283

Access

Equi val ent Variation

for Conplete Loss of $3741 $2997 $2316

Access

EV for Access Restricted

to a of Current Fitted Level

for a -
0.1 $3018 $2418 $1867
0.2 2376 1903 1470
0.3 1814 1453 1122
0.4 1329 1064 823
0.5 921 137 570
0.6 588 471 164
0.7 330 265 205
0.8 147 117 91
0.9 37 29 23




10,22. The 5% critical value for a X2(5) distribution is 11.07 and the 10%
critical value is 9.24. Thus, the inprovement in the [og-likelihood just

m sses being statistically significant at the 5% |level for this small sanple.
Nevertheless, this difference seems |arge enough to warrant pursuing the
inmplications of the fitted nodel. In any case, we can be confident that the

statistical significance would inprove with |arger sanples.

5 Implications of Fitted Parameter Estimates

In the earlier paper, several properties of the estimated nodels were
recomrended for attention. Here, the properties of the fitted utility
function vary across |evels of environmental quality, E Consequently, we
will evaluate the function at the subsanple nmean of E (8.0731) s well es ot
the maxinum value of E (10) and at a | ower benchmark value (6), which
represents approxi mately one standard deviation below the mean. It s
entirely possible to conpute values for several Interesting quantities for
each individual In the sanple. Here, however, we will focus on the “mean”
consuner. Note that we have el ected to use the nean val ues for income and
fishing day expenses conputed for the entire sanple of 3366, on the
presunption that the means in this sanple are nore typical of the nean for the
popul ation s ewhole. (This is arbitrary; the results will be simlar for
t he “nean” consume in the sneller subset.)

Table 3 summarizes several properties of the fitted utility function for
the three benchmark | evels of environnental quality. As expected, decreases
ineswronental quality substantially affect the value respondents place on
access to this fishery. Value in this case is neasured several ways.
Conpensating variation is the amount of additional income «respondent woul d
require, if denied access to the resource, to nake their utility level the

seine «s that which could be achieved with the optinal |evel of access.



Table 5

Descriptive Statistics for E Variable

MOVENTS
N 506
VEAN 0.07312 SUM 4085
STD DEV 2. 17742 VAR ANCE 4.74118
SKEWNESS -1.216 KURTOSIS ~ 0.897612
QUANTI LES( DEF=$)
1009 MAX 10 98% 10
750% Q3 10 95% 10
508 MED 9 90% 10
25% QL 7 10% 5
0% M N 1 5% 4
1% 1
RANGE 9
XB-QA 3
NMODE 10




Table 6

Frequency Distribution of E Values

FREQ CUM  PERCENT CUM

FREQ PERCENT

1 1* 7 7 1.38 1.38
9 1* 7 14 1.38 2.77
3 ]** 10 24 1.98 4.74
A ] 11 35 2. 17 6. 92
5 : Kk kkkk KKk 46 81 9.09 16. 01
6 _ Kkkok Kk 25 106 4.94 20.95
7 Bl 41 147 8.10 29.05
8 ] Khkkkhkhkhhhhrkhhhkhk 93 240 18. 38 47. 43
9 . kkkkkhkhkhkhkkrkhrkkk 81 321 16. 01 63. 44
10 HAFKXFKXFKXFKXFKAKFKXFKXIKXIKXKKXIKXKNKX 0D 506 36. 56 100. 00

T T S S S

20 40 60 80 100 120 140 160 180
FREQUENCY




Equi val ent variation is the loss of incone which wuld | eave the respondent
just as much worse off as would a denial of access. W also conpute the
equi val ent variation for inconplete reductions in the Ievel of access.

A visual depiction of the effect of environmental quality on the
preferences of anglers (defined over fishing days and all other goods) is
provided in Figure 1 for E - 10 (which can be considered “good” environmenta
quality) and for E - 6 (“relatively poor” environnental quality). As
anticipated, indifference curves for E = 10 have considerably greater
curvature, inplying that anglers are less willing to trade off fishing days
for other goods when the environnental quality is high. In contrast, with
poorer environmental quality, the curvature is considerably |ess, inplying
that under these circunstances, anglers consider other goods to be relatively
better substitutes for fishing days. For exanple, when E = 6, the same change
inthe relative price of «fishing day wll lead to «larger decrease in the
opti mal nunber of days consumed than when E = 10.

In addition to the properties of the utility function and its
correspondi ng Marshallian demand functions, we mght be interested in
calculating the derivatives of these Mirshallian demand functions with respect
to the level of the E variable. The Mrshallian demand function for the node

with heterogeneity is:

(2 g [ (BymE) * B+ EYY - (B#v,E)F - (B+vEYFY ] /
[ 2(8,+1,B)F - (B+1,E) F* - (8;+,B) ]

Table 4 gives the utility maxi m zing nunber offishing days demanded at the
sanmpl e mean values of F and Y, «s «function of the subjective |evel of
environmental quality, E. Locally, there «re only very slight differences in

these fitted demands aseconsequence of environnental changes.
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direct effects of changes in pollution |evels--by inposing counterfactua
changes in the quantities of pollutants and reconputing the fitted individua
valuations; and (b.) indirect effects of changes in pollution |evels--for
exanpl e, by inposing predicted changes in catch rates and reconputing

i ndi vi dual valuations. The difference in the population weighted suns of
these individual valuations before and after the sinulated reductions in
pollution levels is a measure of the social benefit of the' hypothesized clean-
up program This overall change in social value can be added to estimtes of
other relevant benefits (i.e. for market activities) and the total can be
conpared to the costs of the programin order to determne its economc
advisability.

For our Texas fishery, there is some concern at present about the
proposed w dening and deepeni ng of the Houston Ship Channel, which is
anticipated to have a substantial negative environnental inpact. I|f
statistically discernible effects of water quality upon the value of this
recreational fishery can be found, our fitted models can simulate the changes
in value resulting fromchanges In water quality due to projects such as this.

Section 2 of this paper reviews the intuition and the details of the
statistical nodel which we will us. to fit valuation functions. Section 3
outlines the data. Section 4 considers “naive” specifications of the
“valuation function” and @ xplains how inplied demand functions can be
extracted fromthe estinated nodels. Section 5 presents some prelimnary
empirical results. Section 6 digresses to evaluate the determnants ofcatch
success, an issue which is inportant to our ability to assume erogeneity of
the explanatory variables in the valuation function. Section 7 “exan nes
respondents’ claimed motivations for going fishing and their subsequent

satisfaction |evels, issues which are fundamental to the formof the basic



utility functions which underlie the demand for fishing days. Section 8 takes
advantage of explicit questions regarding perceived pollution levels to

address whether pollution levels enter directly or indirectly into people’'s

utility functions. W conclude with sone tentative findings and a prelininary
set of recommendations for inproving subsequent surveys which m ght be used to
assess the effects of water quality on the non-market value of recreationa

fishing.

2. censored logistic Regression Mdels for Referendundaluation Data

Before addressing this specific enpirical project, it is helpful to
outline the econonetric estimtion procedure which will be used to calibrate
our model of valuation for this fishery. In Cameron and Janes (1987), and in
a forthcom ng paper (Caneron, 1988) | have made the argument that initia
estimates of utility-theoretic nodels of valuation in the spirit of Hanemann
(1984) (or even entirely data-driven ad hoc val uation nodels) using referendum
data can be obtained quite sinply using packaged logit or probit maximm
l'i kelihood algorithms. Since the nunbers of observations in the nodels
explored in this study are large, and since the specifications involve a wide
array of potential explanatory variables, | opt here to performinitial
estimations using censored |ogistic regression nodels. The conputations
necessary to optimze the likelihood function underlying these nodels does noc
invol ve nyriad evaluations of the non-closed-formintegral for the cumulative
normal density function. The optimzation is faster and cheaper than it woul d
be for a censored normal regression nodel. Furthermore, since the paraneters
of the censored |ogistic regression nodal can be solved-for fromthe parameter
estimtes produced by conventional packaged maximum |ikelihood |ogit nodel s,
and the SAS conputer package provides M logit routines in its MOAT nodul e,

we find it expedient to pursue initial trial specifications in the context of



che SAS package. This also allows us to take advantage of the superior data-
mani pul ation capabilities of this program

Based ny earlier studies, the inplicit valuation function paraneter
estimates produced by either the censored normal (probit-type) or censored

| ogistic (logit-type) estimation procedures are very simlar. The slight

differences in the shape of the conditional density function for the
regression errors makes only modest differences in the fitted values of the
ultimte “regression” nmodel. Hence it is safe to presune that explanatory
variabl es which nmake a statistically significant contribution to the valuation
function in the context of a sinple logit specification will also be inportant

under alternative distributional hypotheses.

2.1 Reviw of Censored Regression Mdels for Ref erendum Dat a

Since the censored logistic model is not yet in the public domain, |
will briefly reproduce the derivation of the nodel

“Ref erenduni surveys have recently beconme very popular as a technique
for eliciting the value of public goods or non-market resources. Nunmerous
applications of these methods now exist. (For conprehensive assessnents of
these survey instrunents and detailed citations to the sem nal works and
specific applications, the reader is referred either to Cummings, Brookshire,
and Schul z. (1986), or to Mtchell and Carson (1988).

The referendum approach first  establishes the attributes of the public
good or the resource, and then asks the respondent whether or not they would
pay or accept e«single specific sumfor access. (It is crucial that the
arbitrarily assigned sunms be varied across respondents.) This questioning
strategy is attractive because it generates a scenario for each consumer which
is simlar to that encountered in day-to-day market transactions. A

hypot hetical price is stated and the respondent nerely deci des whether to



“cake it or leave it.” This is less stressful for the respondent than
requiring that a specific value be named, and circunvents nmuch of the
potential for strategic response bias. The challenge for estimtion arises
only because the respondent’s true valuation is an unobserved random vari abl e.
Ve must infer its magnitude through an indicator variable (the consuner’s
“yes/no” response to the offered threshold sum that tells us whether this
underlying value is greater or less than the offered val ue.

In fornulating appropriate econonmetric nethodol ogies for analyzing these
data, it is inportant to begin by imagining how valuation m ght be nodeled if
we coul d somehow readily elicit fromeach respondent their true valuation. If
valuation could be measured |ike other variables (i.e. continuously), we would
sinply regress it on all the things that we suspect mght affect its |evel
The econonetrically interesting conmplication wth referendum data arises from
the fact that we don't know the exact magnitude of the individual’s valuation

we only know whether it is greater than or |less than some specified amount.

2.2 Log-likelihood Function for Censored Logistic Regression

Ref erendum data are not discrete choice data in the conventional sense
(see McFadden, 1976, or Middala, 1983). The procedure devel oped below is
based upon the premise that if we could neasure valuation exactly, we would
use it explicitly in a regression-type nodel. ! The censoring of valuation to
be “greater than or less than” a known threshold is a nere statistica

i nconveni ence to be worked around.

" Here, we would be using it’ explicitly in a “non-normal” regression nodel,
namely, a regression nodel incorporating a two-paraneter |ogistic density
function. But that would be nothing special--econometric researchers have for
several years been using naxi mum |ikelihood methods to explore Poisson
regression, Wibull regression, and a host of ocher distributional assunptions
as alternatives to the famliar normal nodel.



Assune that the unobserved continuous dependent variable is the
respondent’s true willingness-to-pay (WFP)2 for the resource or public good,
Yi’ & can assume that the underlying distribution of Y, conditional on a
vector of explanatory variables, x (with elenents j-1,. . . ,P), has a logistic
(rather than a normal) distribution, With a mean of g(x,,8) = x,'8.

In the standard maxi num |ikelihood binary logit model, we would assune

that :
(1) Yii- =8+

where Y, is unobserved, but is manifested through the discrete indicator

variable, I;, such that:

(2) = 1if Y, >0

- 0 otherw se.

I'f we assune that u is distributed according to a logistic distribution with
nean O and standard deviation b (and with alternative parameter x - b/3/x,

see Hastings and Peacock (1975)), then

(3) Pr(li - 1) - Pr (Y, >0) - Pr(u; > -x,'8)
= Pr(ui/n > -x,'B/K)

-1 - Pr(v, < x'm),

where 7 = g/ee nd we use yp to signify the standard |ogistic random variabl e
with mean O and standard deviation b = »//3. The fornula for the cumul ative

density up to z for the standard logistic distribution is

(4) F(z) =1- (1 +exp[z] )™

*These nodel s can be adapted very sinply to accommdate willingness-to-accept
(WIA).



Therefore the I og-1ikelihood function can be witten as:

(5) ~log L= 2 -1 log(l + exp[-x,'v])

+ (1 - 1i) log exp{-x 'v]/(1 + exp[-x 'v])}.
Simplification yields:
(6) log L- £ (1 - I)Cx.'y) - log[l + exp(-x 'v)].

It is not possible in this mdel to estimate g and = separately, since they
appear everywhere as B/x. The nodel nust therefore be evaluated in terms of
its estimated probabilities, since the underlying valuation function, x,'8,
cannot be recovered.

Wth referendum data, however, each individual is confronted with a
threshol d value, t;. Earlier researchers have included t; as one of the
variables in the conventional logit modsl described above. |n our new nodel,
we conclude by the respondent’s (yes/no) response that his true WIP is either
greater than or less than t;. W can assune a valuation function” as in (1)
with the sane distribution for uj, but we can now make use of the variable
threshol d value t; as follows--in a new nodel which night be described as

special formof “censored |ogistic regression”:

(7) |i:lif Yi>ti

- 0 otherwi se,

so t hat

*Note that nmany textbooks (e.g. Maddala, 1983) exploit the symetry around .
zero of the standard logistic distribution to sinplify these formlas even
further, W sinplify this way to preserve consistency with the next nodel
where we estimate k explicitly.

4 However, it is now straightforward to make the nean of the conditional
distribution any arbitrary function g(x,,8).
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(8) Pr(ly - 1) - Pr(Y; >t,) - Pr(yy >t - x.'8)
- Pr(u/x > (t, - x.'B)/x)
-1 - (e, < (1) - x%,'BY/K).

Wth this nodification, the log |ikelihood function can now be witten as:

(9) log L = = -1 log(l + exp[(tj - x,"8)/x])
+ (1 - 1j) log(exp[(t; ~x;'B)/x}/(1 + exp[(tj - x,"B)/x])}.

As before, this can be sinplified to yield:
(10) log L=Z (1- 1)[(tj - x,'B)/x] - log(1l + exp[(t; - x,"B)/x]}.

The presence oft; allows = to be identified, which then allows us to isolate
g so that the underlying fitted valuation function can be determ ned. Note
that if t; - 0 for all i, (10) collapses to” the conventional logit Iikelihood
function in (6).

The log-likelihood function in (10) can be optimzed directly using the
iterative algorithms of «general nonlinear function optimzation conputer
progranmiand this is undeniably the preferred strategy when the option is
readily available. There exist function optimzation algorithms which will
find the optimal paraneter values using only the function itself (and nuneric
derivatives) . Howover analytic first (and second) derivatives can sonetimes

reduce conputational costs considerably. See Appendix | for a description of

Vi used a program called GQOPT - A Package for Numerical Optimization of
Functions, developed by Richard E. Quandt and Stephen Goldfeld at Princeton
University (Departnent of Economics). Roughly optimal paraneter values are
first achieved using the DFP (Davidon-Fletcher-Powell) algorithm these val ues
are then used as starting values for the GRADX (quadratic hill-clinbing)
algorithmto achieve refined estimates (i.e. to a function accuracy of 1019,
W understand that, the prograns GAUSS and LIMXEP can al so be adapted to
optimze arbitrary functions.
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the gradi ent and Hessian conponents hel pful in nonlinear optimzation of this

| og-1ikelihood function.

Maxi m zation of the log-likelihood function in (10) will yield separate
estimates of 8 and = (and their individual asynptotic standard errors).
However, estimtes of -1/x and g/« can, in the case of g(x,,8) - x,8, be
obt ai ned quite conveniently from conventional maximum |ikelihood “packaged”
logit algorithms, although we enphasize that this is nerely a handy “short-
cut “ to be used if a general function-optimzation programis not avail able.
If we sinply include the threshold, it, ambng the “explanatory” variables in
an ordinary (maximmlikelihood) logit nodel (as has typically been done by
earlier researchers ‘using referendum data), it is easy to see that:

(11) S (U, X)) - Us | e xRy,

B/x
[

The augnented vectors of variables, x* and coefficients, Y*, may be treated as
one would treat the explanatory variables and coefficients in an ordinary

logit estimation. From7*, it is possible to conpute point estimtes of the
desired paraneters gend . |f we distinguish the elements of 7* as (a, 7) -
(-1/x, B/8) then & = -|/a and g, = - v/a,j - 1. ..,p. However, accurate
asynptotic standard errors for these functions of the estimated paraneters are
not produced o utomatically. If the conventional logit ® I gorithm used allows
one to savo the point estinmates and the variance-covariance matrix estimtes
for subsequent calculations, there are sone alternative, relatively sinple,

met hods for cal cul ating approxi mate standard errors using only the information



gleaned froma conventional logit nodel. (See the second portion of Appendix

~.)

3. Data

The Texas Parks and Wldlife Coastal Fisheries Branch has conducted a
maj or creel survey of recreational fishernmen fromthe Mexican border to the
Loui si ana state |ine during the period of May to Novenber, 1987. The survey
records detailed catch information, and appends a list of *socioecononic”
questions which make up the contingent valuation portion of questionnaire.
Over 10,000 responses were collected; our admissibility criteria reduce the
usabl e sanmple to 5526, which is still a very large nunber of responses
Hydrol ogi cal data are collected sinultaneously at each investigation site
along with the CV investigation. W nerge these survey data with an
assortment of data drawn from other sources, notably the Texas Departnent of
Water resources and the 1980 Census. Extensive docunentary informtion on
variabl e construction is contained in Appendix Il. The reader is referred to

that section for details.

4. Specifications
4.1 “Naive" Models

As always, the very sinplest nodel of fisheries valuation could presume
that we only wish to know the marginal nean of the value of a year’s fishing
If we include only the offered threshold as an explanatory variable in a logit
model to explain the yes/no response, the fitted nodel will yield the marginal
mean and marginal standard deviation of values (ignoring heterogeneity among

respondents ). This nunber is valuable if we can safely assume that the

interview sanple is a truly random sanple of the “use” population, and if we

know the size of the sanple relative to the entire population. Under these



limted circunstances, We can extrapolate fromthese per-person estimtes to
the total fitted “use” value of the fishery at the time of the survey and
under the current conditions of the fishing population and the resource
itself.

If we were not concerned with forecasting the effects of changes in the
fishing popul ation or changes in resource attributes, this single point
estimate and its standard deviation would tell us nost of what we need to
know. However, resource valuation nmodels can be extrenely useful for
forecasting the anticipated effects upon resource values of changes in
resource attributes. In this study, we are prinmarily concerned with changes
in speci es abundance and changes in water quality. VW will control for cross-
sectional heterogeneity in anglers and in resource attributes. Having
calibrated a nodel acknow edging this heterogeneity, we will have a fitted
model which will be useful for predicting the effects on the value of the
resource of «wide range of policy-induced changes in our explanatory
vari abl es.

Where resource values are sensitive to water quality “paraneters,” we
can determne the effect of a change in the |evel of each parameter on the
social resource value of the resource. Conparing the social benefits of
pol lution control, for exanple, with the social costs of a cleanup program can
provide a useful assessnent of the economic efficiency inplicationnsofcleanup
proposals. If resource values are sensitive to species abundance or size
(either overall or by individual species), there will be inportant
inplications for fisheries nmanagement. Likew se, if access values are
sensitive to the day of the week interacted with respondent characteristics,

these valuation nodels could indicate how fishing Iicenses and closures could
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be decided in order to optimze both the resource base and the aggregate
soci al value of access.

One initial problemobserved in the data concerns the distinction
between willingness to pay and actual ability to pay. “Demand” in the
economi ¢ sense mght be limted to “effective” demand, not just w shful
thinking. This distinction is unresolved at present, but nmust be addressed at
some point during this study.

The reason for raising this issue is that we observe in our sanple that
many of the people who claimto be willing to pay S20000 to continue fishing
over the year come fromzip codes where $20000 exceeds the medi an househol d
incone. \Wile it may be that the respondent’s household incone is
substantially larger than their zip code nmedian, these responses cast sone
doubt on the accuracy of “effective” demands inplied by responses to the
$20000 referendum val ue. Fortunately, however, we have a very |arge sanple,
by contingent valuation standards. The referendum threshold val ues were
assigned randomy to different respondents. Therefore, we will lose little
except sone estimation efficiency by dropping all respondents who were offered
this extrenely high threshold. It is quite possible that many of the
respondents who respond that they would be willing to pay $20000 for a year's
access co the recreational fishery are responding strategically, rather than
realistically. Strategic biases fromthese responses can be quite high, so
the results reported here exclude the $20000 offers, regardless of their yes
or no response. (Current plans for the continuation of the survey call for
this threshold to be dropped anyway. Al specifications will eventually be
estimated with the full sanple, with $20000 threshold respondents del eted, and
with threshol ds exceeding $500, 2000, and $1500 deleted. This allows us to
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assess the sensitivity of the valuation function paraneter estimates to survey

design.)

4.2. Derivation of “Demand Functions” Underlying the Valuation Data
In this survey, the underlying continuous dependent variable Y is the

respondent’s total valuation of a full year's access to the fishery, which we
will designate as “total willingness to pay,” TWIP. W can still estimte
model s for TWIP using censored logistic (or censored normal) regression
implicitly via an ordinary ME logit (or probit) algorithm W can manipul ate
the estimated discrete choice. coefficients to uncover the individua
coefficients (8) for any arbitrary underlying linear-in-parameters fitted

total TWIP relationship, x,’8. However, the TWIP function nust then be sol ved

to yield the corresponding inplicit demand function

To illustrate, suppose that our e xplanatory variables included only the
nunber of fishing days per year, g and other shift variables which we wll|
denote by the “generic” variable X. Then the fitted quantity log(TWP) w ||
be B, + B, 10og(q) + B, X, where the parameters are now their estimted val ues
and we ignore the stochastic conponent. The price willingly paid for a year’s
access is the total amount willingly paid for all trips. To determne the
marginal WP for one additional trip, we need to find the expression for the
derivative: 4TWTP/8q. Since dl ogTWIP/slog(q) is just B,, 8TWwIP/dq can be
assumed to be g, times the ratio of fitted TWIP (- exp(B, + 8, 1 0g(q) + Byx])
to g (To be strictly correct in treating this exponentialted fitted val ue of
log(TWIP) as the fitted conditional mean of TWP, we would scale this quantity
by I'(1+«)I'(1-x), but this termaffects only the intercept of the resulting
demand expression, so will wll suppress it for sinplicity of exposition.) If
we consider aIWIP/dq to be p(q), the presumed demand rel ationship can be

expressed as:
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(12) log p(a) - log 8, - log(a) + 8, + B8, log(q) + B, Xx.
- (B, + log B, + 8, X) + (8, - 1) log(q)

& can rearrange these formulas to isolate log(q) on the left-hand side:

(13) log(q) - [(B, + Llog(8,))/(1-8,)) - [1/(1-/32)] log p(a)
’ [ﬂa/(]"pz)] X

- al* + ax* log p(q) +a* X

W have thus arrived at point estimates for the inplicit demand function
corresponding to a log-log functional formfor TWP. The coefficients on

|l og(p) have the straightforward interpretation of price elasticities of demand
for fishing trips. If the X variables contain the |ogarithm of incone, then
the corresponding coefficient in the a* vector gives the income elasticity of
demand. Qther variables making up the X vector will include respondent and
resource attributes which shift the demand function.

O course, the g parameters in the above fornulas are transformations of
the original ME logit paraneters. It will certainly ba possible to
“automate” the conputation ofall of the a* paraneters of the inplied demand
function if we use software which allows us to save the fitted logit
parameters to be used in subsequent conputations (e.g. SHAZZAM). Qur initial
exploratory nodels focus on the estimation of the g parameters, indirectly via
the ordinary ME logit ® pproach. However, once pronising specifications have
been identified, and if one is willing (and able) to estimate a censored
regression log-likelihood function directly, using non-linear optimzation
algorithns, it would be straightfo~ard to reparaneterize the censored
regression likelihood function described above so that the elasticity
parameter e, and the other a,* parameters could be estimated directly. Note

that 8, = -logla,*/(1+a,*)] - a,*/a,* (PlUS an additional termin T functions
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of x) and g, - (l+a,*)/a,* and B; - -a,*/a,*. The expression x g in the

l'i kel'i hood function should therefore be replaced by:

(14) g(x,,8) - - logla,*/(l+a,*)] - a,*/a*
+ (I+ay¥)/a* log (q) + (-ag¥/a*) x

- g(a*a*a*'qi,x)

2

The log-likelihood function to be optimzed will now be:

(15  log L = (1 - It - glay*,a*,a*,q,,X,))/x]

- log(l + exp[(tj - gla,*.a,*,a,*,q,,X,))/x]).

Since the individual parameters al*, a,*, and a,* are fully identified, the
nonlinear function optinizing program will produce the desired results. (The
anal ytical gradient and Hessian fornulas will be different and nuch nore
conplicated, but esnoted, nmany prograns will conpute their own numeric
derivatives.) This nmodel would produce not only direct point estimtes of the
deneand el asticities, a,*, and the other demand function derivatives, but also
their directly estimated asynptotic standard errors. By the invariance
property of maxi num |ikelihood, the point astimates should be identical, so
extrenely accurate starting values for these nonlinear algorithms can be
generated by transforming the ordinary logit point estimates. The nonlinear
optim zation of the |ikelihood function in (15), however, will yield
asynptotic standard error estimates (and therefore t-ratios for hypothesis
testing) which could only be approximated with considerable difficulty from

the asynptotic variance-covariance matrix produced automatically for the

ordinary logit paraneter estimates.



5. Prel imnary Enpirical Results

5.1 Unspecified Geographic Heterogeneity in Demand
| f we assunme geographic homogeneity to begin with and estimate a TWIP
model in log formsinply as a function of the log of the total number of
fishing trips (LTRIPS). the log of nedian zip code househol d income (LING),
and market expenditures (MN), we get the ordinary logit point estimates in
Table la. To determine whether there exists systematic geographical variation
in the demand function for fishing days, we then extend this nodel to include
a set of qualitative dumy variables, one for each major bay system
MI - Sabine-Neches
M2 - Trinity-San Jacinto (Gal veston Bay)
MI3 - Lavaca-Tres Pal acios (Mitagorda Bay)
M4 - San Antonio-Espiritu Santo
M5 - M ssion-Aransas
M6 - Cor pus  Christi-Neuces
M7 - Upper Laguna Madre
M8 - Lower Laguna Madre
Since the Galveston Bay area accounts for Houston, we arbitrarily make M2 the
onmtted category when we enter sets of mmjor bay dummy variabl es.
Coefficients on the other dummies therefore represent shifts in the dependent
variable relative to the values for M2
I ndividual 'y, several of these dummy variables are statistically
significant. Collectively, a likelihood ratio test for the increnenta
contribution of the conplete set of dummy variables indicates that
geographical variation in demand is statistically significant at the 10%
| evel .
If we take the ordinary logit parimeter estimtes from Table |b and
transformthemto yield the parameters of the log-1og demand function
corresponding to this TWIP function (shown in the [ast colum of Table Ib), we

find that the price elasticity of demand for a fishing day, controlling for

qualitative geographical variation via the set of major bay dummy vari abl es,



Tabl e 1la

Extrenmely Sinple Mdel: CGeographic Honogeneity of Demand

Variabl e Est. Coeff. Asy . t-ratio
LOFFER -0. 5608 -24.631
LTRI PS 0.3077 12. 05
LI NC 0.2488 2.316
MON 0.001734 6. 167
const ant 1.718 1.625
max LogL - -2550. 6.
Table Ib

Augnented Sinple Mdel: wth CGeographic Heterogeneity (dumm es)

Vari abl e Est. Coeff. Asy. t-ratio Demand fN q
LOFFER -0. 5638 24. 68
LTRI PS 0. 3095 12.08
LI NC 0.1278 1. 058 0.5024
MON 0.001801 6.234 0.0071
M1 -0. 1827 -0. 7526 -0.7185
M3 - 0. 2589 -1.796 -1.018
M4 -0. 03043 -0. 1706 -0.1197
MI5 -0.1167 -0. 9230 - 0. 4587
MI6 - 0. 3405. -2.819 -1. 339
M7 -0.2878 -2.149 -1.131
M8 -0.3184 -2,478 -1.252
cons tant 3.119 2.563 -
log(p) ' ' -2.217

max LogL - -2544.2 (LR test statistic for the set of seven
maj or bay dummy variables is 12.8. x4(.05) critlcal

14.07; X(.10) critical value -

12.01.

val ue -
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is -2.217. The income elasticity of demand is 0.5024. the change in the |og
of fishing days for a one dollar increase in market expenditures is 0.0071
The seven bay dunmies shift the log of fishing days by -0.72, -1.02, -0.12, -
0.46, -1.34, -1.13, and -1.25, respectively.

5.2 Quantifying Ceographical Heterogeneidy in Denand

The evidence therefore suggests that geographical variation exists in
the demand function for recreational fishing days in Texas. But in the nodel
in the last section, the reasons for this geographical variation are non-
specific. Demand could differ by bay systemfor a variety of reasons. First,
systematically different types of people, with different preferences or
constraints, mght be utilizing each different bay system (This is suggested
by the drop in significance of the LINC variable when bay dummies are
included.) The quality attributes of the resource could also vary across bay
systens. |If fish abundance affects TWP, then variations in species abundance
across bays coul d be captured by these dummy variables. |f fishing conditions
(weat her and water conditions) vary systematically across bays, this effect
could also be manifested in the dunmy coefficients. In particular, however
we are curious to see whether measurable variations in water quality
“paraneters” exert any statistically discernible influence on TWP, In lieu
of a set of sinple bay dumy variables, then, we begin to consider
specifications enploying variables which quantify the inter-bay differences in
resource attributes.

Tabl e 2a augnents the nodel in Table la by including «variable, TOTAL,
for the total nunmber of fish actually caught on the interview day. (In
subsequent nodels, we wll consider exogenous measures of abundance for
i ndi vidual species, by nonth and bay.) TOTAL current catch is not

statistically significant, but it bears the anticipated sign, so we will



Tabl e 2a
Sinple Mbdel with Current Total Catch, No Water Quality

Variabl e Est. Coeff. Asy. t-ratio
LOFFER -0.5617 -24. 64
LTRI PS 0. 3064 11.99
LINC 0. 2504 2.331
MON 0.001735 6. 156
TOTAL 0. 003109 1.090
const ant 1.718 1.625

max LogL - -2549.9.

Tabl e 2b

Augnented Model: Geographic Heterogeneity in Water Quality

Vari abl e Est. Coeff. Asy. t-ratio Demand " q
LQFFER -0. 5637 -24.63
LTRI PS 0. 3132 12.19 -
LI NC 0.2299 1. 888 0.9177
MON 0. 001675 5.953 0. 00669
TOTAL 0, 003603 1.243 0.01438
REsu 0. 005401 2.138 0. 02156
PHos 1.076 2.685 4. 296
CHLORA 0. 02313 2.125 0. 09233
LOSSI GN 0. 005420 1. 359 0.02163
CHROVB -0. 009027 -0. 969 -0. 03603
LEADB -0. 006231 -1.160 -0. 02487
CONSTANT 3.119 2.563 :
| og(p) : . -2.250

max LogL - -2536.9 SLR test statistic for the set of six
water quality variables Is 26.0. X(.05) critical value -
12.59.
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retain it in the nmodel as a rudimentary control for “catch success.” TOTAL
will vary with individual fishing skill or effort, but it will also vary
across major bays as species abundance varies. O primary interest for the
purposes of this study, of course, is the potential influence of water quality
measures on TWP, and hence on the demand function for recreational fishing
days.

Qur supplementary data fromthe Texas Department of Water Resources
provi des sufficient sanple on several common water quality parameters to allow
us to generate nonthly averages for each bay system For others, however, the
limted nunber of sanples only allows reliable estinmates of annual averages
for each bay system (This is particularly true for metals found in bottom
deposits. W are awaiting further supplenmentary data on bottom deposits from
the shellfish division of the Health Department.) In our first pass through
the data, we exami ned pairwse correlations between species abundance and a
wi de range of water quality neasures and selected several which seemed to have
an obvious relationship to species abundance. (W have tangentially explored
regressions of actual catch and nonthly abundance of each species on all
reliably neasured water quality attributes, described in Section 6.)

To illustrate the potential for water quality to affect TWIP for fishery
access, we display in Table 2a some prelimnary results for a rudinentary
model incorporating eselection of water quality variables. (W enphasize
that this nmodel is by no neans our |ast word on the subject. W have barely
“scratched the surface” of a wide variety of potential specifications.)

The water quality variables we include in Table 2b which «re available
as nonthly averages for each bay systemare RESU (total non-filterable
residue, dried at 105C, in ng/l), PHOS (phosphorous, total, wet method, nmy/l
as P), and CHLORA (chl orophyl|-A, ug/l, spectrophotonetric acid method).
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Variabl es which can at present only be used as annual averages for each bay
systemare LOSSIGN (loss on ignition, bottom deposits, scaled to g/kg),
GROMB (chromum total, in bottom deposits, ng/kg, dry weight), and LEADB
(lead, total, in bottom deposits, ng/kg as PB dry weight).

Transformng the ordinary logit paraneter point estinmates in Table 2b
according to the formlas suggested above for solving such a nmodel for the
corresponding | og-1og demand function yield the demand paraneters given in the
| ast colum of Table 2b. The price elasticity of demand for fishing days is
now -2.250. The income elasticity of demand is now 0.9177, (The increase is
probably attributable to the fact that we are not longer inplicitly
controlling for geographic income variation via the set ofmjor bay dunmmy
variables, so that this measure is probably oore reliable.) A one dollar
increase in market expenditures corresponds to a 0.0067 increase in the log of
t he nunber of fishing days demanded, suggesting that market goods associ ated
with the fishing day (if typical) are conplenentary goods. An extra fish
caught on theinterview day affects demand by increasing the [og of days
demanded by 0.0144. Demand is higher where non-filterable residues are
hi gher, where phosphorous concentrations are higher, where |0oss on ignitionis
greater, and where there «re greater concentrations of chlorophyll-A
However, the presence of metals in bottom deposits, such achromum and |ead,

corresponds to | esser demand for fishing days.

5.3 Controlling for Denographi c Heterogeneity Anong Respondents

Having determned that there will be some water quality measures which
appear to have a statistically significant inpact upon the value of access to
this recreational fishery, we now introduce three variables designed to
control for interregional variations in denographics. W use PSPNOENG

PVIETNAM and PURBAN. To the extent that the denographic characteristics of
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anglers are correlated with the water quality in the areas where they fish, it
will be inportant to allow for demographic effects in any attenpt to identify
the distinct effects on resource values of water quality measures.

‘Table 3 gives the ordinary ME logit parameter estimates with these
additional explanatory variables. The |ast colum of the table gives the
point estimtes of the paraneters of the corresponding |og-1og demand function
(and its shift variables). None of these three variables nake statistically
significant contributions to explaining resource values, but this may be an
artifact of collinearity anong the variables, so we retain themout of
interest in determning point estimates of their effects on the demand
functions The proportion of unassim|ated H spanic residents in the
respondent’s zip code (PSPNCENG tends to decrease the |og of fishing days
demanded by about 1.5; the proportion of Vietnamese (PVIETNAM has a dramatic
effect on values (which persists through a variety of alternative
specifications )-- this variable increases the log of fishing days demanded by
31.8! People fromrelatively more urbanized | reas apparently demand fewer

fishing days.

5.4 Introducing Variations in Species Catch Rates, Species Abundance
The total nunmber of fish caught on the interview dat has been included

as an explanatory variable in several of the specifications discussed above.

S Bear in nind that just because a particular variable is not statistically
significantly different fromzero for eparticular sanple of data does not
inmply that it is zero. W retain variables for which the coefficient
estimates are stableecross alternative specifications. Wth better data
(e.g. with a nore equal distribution of "yes” e nd ‘no” responses) there m ght
have been enough information in this sanple to reduce the sizes of the
standard errors. Likew se, the error distribution nmay have an apparent

di spersion larger than the actual dispersion because we are using group
averages as proxies for several of our explanatory variables, including
incone. What could be an excellent “fit” with the true data could be
converted to a poorer “fit” by the use of group averages.



Table 3
Augment ed Mbdel:  Denographi ¢ Variabl es

Variabl e Est. Coeff. Asy. t-ratio Demand f"q
LOFFER -0. 5637 -24.63
LTRI PS 0. 3132 12.09 -
LINC 0.2281 1.512 0. 9068
MON 0.001632 5.731 0. 006488
PSPNOENG -0. 3915 0. 5880 - 1. 556
PVI ETNAM 8. 000 1.237 31.80
PURBAN -0. 1190 1.400 -0.4732
TOTAL 0. 003624 1.250 0. 01441
RESU 0. 005333 2. 106 0.02120
PHOS 1.142 2.819 4,541
CHLORA 0. 02235 2.631 0. 08884
LOSSI GN 0.007762 1. 686 0. 03085
CHROMVB -0. 01300 1.194 -0. 05169
LEADB -0. 004626 0. 8354 0.01839
cons tant 1.404 0.9377 -
I og(p) - -2.241

max LogL - -2534.9
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Gven that we have a wealth of data on the catch and on overal |l abundance, by
i ndividual species, it seems worthwhile to experiment with valuation nodels
which discrimnate among the effects of individual species on the annual value
of access to the fishery.

Perplexing "results emerge as we include variables relating to the catch
of individual species. There are seven najor species in our working data set:
REDS, TROUT, CROAK, SAND, BLACK, SHEEP, and FLOUND (See Appendix |1 for
detailed descriptions). W have experinented with:

actual current day catch rates;
mont hly average actual catch rates by bay system
“annual ” average actual catch rates by bay system
) monthly average abundance indexes by bay system from the TPW resource
moni toring program

e.) annual average abundance indexes by bay systemfromthr TPWresource
nonitoring program

a.
b

C.
d.

For all of these neasures of catch rates, we “find that for at |east some
species, often inportant ones, the coefficients in ME logit nodels inply that
greater catch rates or greater abundance decreases the value of the resource.
This seems highly inplausible, and points to the existence of inportant
unmeasured variabl es, negatively correlated with catch rates, which are
positively correlated with resource values and (by their om ssion) |eave the
catch rate variables with counterintuitive signs.

Logical ly, since we are asking respondents to value a year’s access to
the fishery, it should be expected annual catch which influences their values.
But anglers may by nyopic. Actual average catch rates or abundance nay be
discounted in favor of current perceptions of catch rates. A variety of
nmodel s have been estimated, but for illustration, we report our findings for
one which uses nmonthly bay average catch rates. It 1s our inclination that
average catch rates should be preferred to individual current catch rates

because the latter does not control for individual expertise or fishing
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intensity. The nonthly averages reflect the catch of the “average” angler
abstracting fromindividual differences in skill or enthusiasm

Results for a specification which replaces the TOTAL current catch
variable with the full set of nonthly catch averages for each bay systemare
presented in Table 4 The coefficients on MATROUT, MASAND, and MABLACK are
negative, and the point estimate for the coefficient on MABLACK is relatively
large. The set of catch variables collectively results in an inprovenent of
only 3.0 in the log-likelihood function, which is not sufficient to reject by
an LR test the hypothesis that the catch data should be excluded from the
nodel . But perhaps we are not measuring the desired variables correctly.

It is unfortunate that the survey did not collect information from post-
trip respondents regarding their target species. If you only ever fish for
one particular species, then the abundance if other species will not affect
your val ue of access to the resource. In fact, of other species conpete for
the seine biological niche as your preferred species, their abundance m ght
detract fromyour value of the fishery. This angle will need to be explored
At one point, we nade the heroic assunption that observed target proportions
in each bay and nonth for pre-interview respondents carry over to the
popul ation as a whole (which is tenuous). Including these target proportions
directly in a logistic regression nodel had no discernible effect, however,
probably because the information was not specific to individual anglers (a
severe errors in variables problem

Further investigation of the observable (and unobserved) correl ates of
catch rates is clearly warranted. At the tine of this witing, we have not
yet uncovered and explanation for these counterintuitive findings. The

followi ng section addresses catch rates explicitly, and describes the search



Table 4
Augnmented Mbdel: Monthly Average Catch Rates (by bay system

Vari abl e Est. Coeff. Asy. t-ratio Demand M q
LOFFER -0. 5636 -24.62
LTRI PS 0. 3129 12.09 -
LI NC 0. 2158 1.432 0. 8604
MON 0.001647 5.725 0. 006566
PS PNCENG -0. 3705 -0. 5479 -1.477
PVI ETNAM 7.421 1.142 29. 58
PURBAN -0. 1149 -1. 343 - 0. 4580
MAREDS 0.05111 0.4234 0. 2037
MATRQUT -0. 02823 -0. 6157 -0.1125
MACRCAK 0.001740 0. 05004 0. 006935
MAs AND -0. 02808 -0. 5756 -0.1119
MABLACK -0. 2094 -0.6973 -0. 8346
MASHEEP 0. 4165 1.331 1. 660
MAFLOUND 0. 06694 0. 5238 0. 2669
RESU 0. 006257 2. 328 0. 02494
PHOS 1.185 2.671 4,723
CHLORA 0. 02056 2.244 0. 08195
LOSSI GN 0. 006621 1.289 0.02639
CHROMB -0.009143 -0.7001 -0. 03645
LEADB -0. 005987 -0.9940 -0. 02387
const ant 1. 5419 1. 030 .
| og(p) - . -2.247

max LogL = -2532.7
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for potential reasons for the results in Table 4 (and simlar results for

other nodel s not reported in this paper).

6. Actual Current Catch versus Species Abundance. Regression Models

It is not intuitively obvious whether exogenously measured species
abundance, or actual catch rates by the respondent, should be the nmore
appropriate determnant of valuation for the fishing season. Unfortunately,
it is rarely easy to extract fromrespondents a reliable (retrospective) total
of each species caught over the past year. Ve only have the current day’s
catch of each species in our present survey data. But exogenously neasured
abundance of each species is not necessarily a good predictor of variations in
expected catch fromthe point of view of the individual who is being asked to
val ue a year of access to the fishery. One reason is that Parks and Wldlife
Resource Mnitoring controlled sanmples are not “caught” using the same
technol ogy available to recreational fishermen. [f fish are present, but are
not “biting,” they may still be swept up in the nets used by the Mnitoring
Program Ideally, we would like to know the success rates (for each species)
for a “standardi zed” recreational angler (with given skills and effort Ievel).
If we use individual respondents’ actual catch rates, unobservable differences
inskill will potentially bias the coefficients on the catch rate in the
val uation equati ona.

To determne what factors affect individual respondents’ currant catch
rates, we ran a.set of ordinary |east squares regressions of each respondent’s
actual catch of each species (REDS, TROUT, CROAK, SAND, BLACK, SHEEP, and
FLOUND) agai nst the corresponding nonthly and annual abundance indexes for
that species,current market expenditures related to the fishing day (MN),
specific fishing experience (SITETRIP, the annual number of trips to the site

where the respondent was interviewed), non-specific fishing experience



(NSWIRI P, annual trips to other saltwater fishing sites in Texas), and a
nunber of denographic variables. The denographic variables reflect zip code
average or nedian data drawn fromthe 1980 Census, so they do not necessarily
capture concurrence denmographics, but we will assume they are close. W
i nclude PRETIRED (the proportion of people in your zip code who are retired),
PSPANISH (the proportion of people of Hispanic origin), PSPNOENG (the
proportion speaking Spanish at home and little or no English--unassimlated
immgrants) , PVIETNAM (the proportion indicating Vietnanese origin, PURBAN
(the proportion living in areas designated as urban), PTEXNATV (the proportion
born in Texas--reflecting famliarity with the fishery or the environnent),
PFFFISH (the proportion working in forestry, fishing, or farming), and HHD NG
(medi an househol d incone).

These variables may affect catch rates for several reasons. First,
dermographi ¢ differences my influence the target species chosen
Alternatively, these variables nay serve as proxies for fishing experience or
skill . They may al so proxy whether or not the objective of the fishing trip
is purely recreational, or whether the catch is a significant supplenent to
the angler's diet. Denpgraphic neasures may al so covary systematically with
geographical regions e nd therefore with species abundance.

Table A1 (at the back of this paper) displays the results of the seven
OLS regressions. Interestingly, the exogenous abundance indexes (Mkxxxx and
Axxxxx, computed fromthe Resource Mnitoring data) are frequently
significantly negatively related to the actual catch. Only for sand seatrout
(SAND) do both abundance indexes enter positively. This result requires
further investigation. In any event, if the fish are there, but you cannot
catch themusing legal recreational fishing gear, they may contribute

considerably less to your value of the resource.
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For several species, noney spent on market goods related to the fishing
day is negatively related to the catch. (And it is interesting that MON is
mar kedl y uncorrelated, at 0.03, with zip code nedian household incone.) Site-
specific fishing experience (SITETRIP) significantly increases one’s catch of
red drum (REDS), spotted seatrout (TROUT), and black drum (BLACK). Non-
specific fishing experience (NDNRP significantly increase one’s catch of
sheepsheads (SHEEP) and southern flounder (FLOUND), but significantly
di m ni shes one’s catch of croakers (CROAK).

PRETIRED insignificantly decreases the TROUT, CROAK, BLAXK and SHEEP
catch, significantly decreases the SAND catch, but has an insignificant
positive effact on the FLOUND catch. People fromzip codes with relatively
| arge nunbers of Vietnemase catch significantly (and substantially) fewer of
several species, notable REDS, and SAND, but they catch dramatically |arger
nunbers of CROAK.  People from urbanized areas catch fewer REDS, but nore
CROAK, SAND, and FLOUND. Texas natives (or at |east people from areas where
relatively nore people are Texas natives) catch significantly fewer REDS, but
more TROUT, CROAK, BLACK, and FLOUND. If nore of your neighborhood is
employed in fishing, farmng or forestry, you tend to catch significantly nore
REDS, SAND, and SHEEP, but significantly fewer CROAK Hi gher neighborhood
i ncones mean hi gher REDS catch, but significantly |ower CROAK and SAND catch
rates. These differing results undoubtedly reflect the “sport” versus “food”
val ues of different species.

These tendencies might still reflect regional variations in fishing
| ocation, which mght be correlated with denmographic factors. To identify
non-speci fic geographical and seasonal variations in catch rates, we al so
estimate OLS regressions of actual catch rates on a set of major bay dummies,

MI1 - M8, and a set of nonthly dummes, M& - M1 (where M\5 is May 1987,
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etc.). The results of these regressions are displayed in Table A2 Qearly
there is considerable qualitative geographical and seasonal variation in catch
rates for all species. Table A 3 therefore includes the quantitative
variables fromTable A1 (with the exception of Axxxxx, which takes on only
one value per bay system), as well as the set of dummy variables M1 - MS8.
Geographical variation in resource stocks does not seemto explain conpletely
the observed variations in catch rates. Tastes (denographics) still seemto
matter in many cases.

Si nce the abundance indexes derived fromthe Resource Mnitoring data
set do not seemto be a very good proxy for expected annual catch, we revert
to using the information present in the contingent valuation sanple. Wth
over 5000 usabl e responses, we can average the actual current catch data for
each respondent across all fishing trips to a particular bay systemin a
particular nonth. Likew se, we can generate annual average actual catch rates
in each bay system Tables A 4a through A 4c describe catch data based on the
CV sanmple information. Table A 4a displays the differences in nean catch
rates across bay systems for each species (AAxxxx). Table AM.b explains the
actual individual catch for each species using both nmonthly average catch
rates and “annual” (My through Novenber) catch rates, plus a variety of
denographi ¢ variables. The nonthly average catch is clearly the preferred
i ndi cator when both are included. (Its coefficient is always near one and
highly significant.) However, ifonly annual catch rates are included, as in
Tabl e A 4c, these do an excellent job of explaining current individual catch.
But soci odenographic, “experience,” and market expenditure variables stil
contribute significantly to explaining individual catch rates for severa
species. In words, you don't just catch what everybody el se catches--who YOU

are makes a difference too.



In subsequent work, we will contenplate using regression nodels |ike
these to generate fitted reduced formestimtes of individual catch to be used
as explanatory variables in the logistic regression nodels for the demand
equation. Purging catch rates of components which mght be correlated the

error termmay inprove the accuracy of the estimted coefficients.

I Explicit Trip Motivation, Trip Goal Satisfactiop

The main objective of this project is to determ ne whether water quality
has any statistically discernible effect upon the value of access to a
recreational fishery. For a subset of respondents--those who were interviewed
prior to enbarking on their fishing trip--respondents were actually asked
explicitly about how inportant it was to themto be able to “enjoy natural and
unpol l uted surroundings” on a fishing trip. The responses warrant
i nvestigation

In the pre-trip interviews, the TPWsurvey actually asked direct
questions about a whole variety of potential notivations for going fishing.
Al'l respondents were asked to respond on a 10-point Likert scale (with 10
being “extremely inportant” and 0 being “not at all inportant”) the inportance
they place upon recreational fishing as away to

A - Rel ax (PRERELX)
B- Catch Fish (PRECAT).

The third notivation question was drawn at random from a sel ection of
al ternatives, including:

Got Away from crowds of people (NOPECPLE),

Experience unpol | uted natural surroundings (NOPOLLUT),
Do what you want to do (DOMTWAT)

Keep the fish you catch (KEEPFISH),

Have a quiet time to think (QUETIME)

Experience good weat her (GOODWHR),

Spend tinme with friends or famly (FWFMY), and
Experience adventure and excitement (ADVNEXCT).

C—IToOomMmmoo



Since the latter eight goals were not asked of everyone, it was
necessary to focus on the subsanples to which each question was posed. For
pre-trip interviews whi ch were not matched with post-trip interviews ofthe
same anglers, we have a very limted anount ofinformation. It is not
possi bl e to include denographic data, because zip codes were not collected.

Ve therefore rely on whether the professed target species was red drum trout,
or flounder (TARGR TARGI, or TARGF), upon ngjor bay dummes, nonthly dunmm es,
and upon a dummy variable for weekend days. W use QLS regression of the
recorded Likert scale response on these variables in an effort to detect
factors affecting angler’s objectives in going fishing. The results are
contained in Table A5.

From Table A 5, we see that target species, geographic dummies, and
seasonal dummies do not help at all to explain the NOPOLLUT notivation for
going fishing. However, the target species do affect the NOPEOPLE notivati on,
the KEEPFI SH notivation (red drum anglers seemto fish for sport; flounder
anglers fish for food), and th&ODWHR notivation (trout anglers enjoy the
weather nore; red drum e nd flounder anglers «re less inclined to go out for
the nice weather. . they nust be nore serious). Red drumanglers are |ess
likely to go fishing for its social aspects (FRNDWY).

More weekend @ nglers claimto be strongly notivated by the desire for
adventure-and excitement (ADVNEXCT).  Geographical and seasonal dunmies
occasional Iy nake significant differences in the objectives of anglers.
However, the values of the F-test statistics corresponding to these regression
suggest that none of the nodels have particularly good e xplanatory power.

Unfortunately, people who were interviewed prior to their” fishing trips
were not a random sanple of anglers. Interview ng personnel did not begin to

collect data until 10:00 a.m in general, so pre-trip interviews sanple
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i ndi vidual s who do not enbark on fishing trips until relatively late in the
day. These are probably less avid fishernmen. Consequently, what we |earn
fromthis sanple cannot be reliably extrapolated to the entire sanple. (It
woul d have been helpful if the pollution question, in particular, had been
posed to everyone, both pre- and post-trip.) Nevertheless, with this caveat
inmnd, we can exanmine the apparent relationships between attitudes and ot her
vari abl es.

For the pre-trip interview sanple which could be matched with
corresponding post-trip interviews, we have both the attitudinal variables and
the crucial zip code data which allow us to splice in data (by zip code) on
our primary Census variables: median household income (HHLDINC). proportion
of the popul ation over 65 (PRETIRED), proportion of the population with
birthplace in Texas (PTEXNATV), the proportion living in urban areas (PURBAN),
the proportion of the population reporting Vietnanese origin (PVIETNAM, and
proportion of the popul ati on speaking Spanish «t home end speaking English not
wel | or not at all (PSPNOENG. If we assume that zip code .reas are
relatively honogeneous, we can use nedian household income and these
denographi ¢ proportions to control for ecertain extent for the respondents
denographi ¢ characteristics. To determne the «xtent to each notivation
depends upon the characteristics of the respondent, we can attenpt to
interpret a number of OLS regressions. Qher included explanatory variables
are:  number of fishing trips to the interview site over the |ast year
(SITETRI P), nunber of saltwater fishing trips to other sites (NWRP), and
money spent on narket goods during this fishing trip (hlION). The results are
presented in Table A 6.

In the post-trip interviews, the TPWsurvey asked some direct questions

concerning respondents’ ability to achieve certain goals in going fishing.
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Again, all respondents were asked to respond on a 10-point Likert scale (wth
10 being “conpletely” and O being “not at all”) the extent to which they were

able to achieve the sanme set of goals (A through J). Al respondents were

offered the first two goals, and one question fromthe remaining eight was

asked of each respondent.

In subsequent research, we may devote attention to the other attitudina
questions in the post-trip surveys, but for the present we will focus on the
NOPOLLUT question, since this is nost relevant to the issue at hand. For
post-trip respondents’ answers to the question “To what extent were you able
to experience unpolluted natural surroundings,” We obtained the regression
results summarized in Table A.7. This OLS regression denonstrates that who
you are (the denographic variables) has little to do with your perception of
your ability to enjoy unpolluted surroundings. The only exception may be the
PVIETNAM variable. On the other hand, geographic and seasonal dumm es
occasionally make estatistically significant contribution to explaining
peopl es responses. Anglers do seemto have differing perceptions of the |eve
of pollution, especially across bay systenms. The northern bays are perceived
to be more polluted than are southern bays.

It is unfortunate that this attitude question (NOPOLLUT) was not asked
of the entire sanple, so that this variable could be enployed as a potentia
expl anatory for annual resource values. Nevertheless, we can experiment will a
| ogi stic regression specification based upon the 830 respondents who were
posed both the NOPOLLUT question e nd the contingent valuation question. Table
5 summarizes the results of an ordinary logit nodel (wthout water quality
variabl es or catch data) which includes the Likert scale value for the

NOPOLLUT variable as a potential shift variable for the demand function



Table 5

Al'ternative Strategy: Use Reported Pollution Perceptions to Explain Value

(n- 830)
Vari abl e Est. Coeff. Asy. t-ratio Demand f* q
LOFFER -0. 6639 -10. 22
LTRI PS 0. 4145 5. 946 -
LINC 0. 3966 0.9774 1.590
MON 0.004663 3.901 0.01869
TOTAL 0.003468 0. 2962 0.01390
PSPNOENG 0. 2828 0.1820 1,134
PVI ETNAM 4.228 0.2686 16. 95
PURBAN -0. 2009 -0. 8602 0. 8051
NOPCLLUT 0.07043 1.753 0.2823
const ant 0. 08104 0. 02007 :
| og(p) . . -2.661

max LogL - -357.53



34

Since only a tiny subsanple of the full dataset is being used in this
case, We mght expect some differences in the inplication of the fitted nodels
(especially if there was anything non-random regarding the choice of whomto
ask each of the trip satisfaction questions--a factor which has not yet been
investigated) . However, the inplied demand derivatives in Table 5 are highly
consistent with those derived using the full dataset, except for the fact that
the coefficient on PSPNCENG changes sign. The price elasticity of demand is
typical, at -2.66; the incone elasticity of demand is sonewhat higher than in
the full sanple, at 1.589. However, in this subsanple, the |evel of
significance of LINC has dropped sonewhat .

O particular interest is the coefficient on NOPOLLUT. This variable is
statistically significant at the 10%level in the logit nodel. Adjustnents in
aspects of environnental quality (including water quality) which would
increase a respondents’ Likert scale choice by 1 unit (on the scale of 1 to
10) woul d therefore seemto increase the log of fishing days demanded by 0. 28.
Since the mean Likert scale value is approxinmately 8.2, this inplies that the
“elasticity of fishing day demand with respect to environmental quality” is

roughly 2.2--an el astic response,

8. PRerceptions of Pollution versus Measured Water Quality

Wien we choose to specify oresource valuation nmodel using water quality
measures as explanatory variables, we are not being specific about whether
water quality e ffects valuation of the recreational fishery directly or
indirectly. For exanple, anglers may have no conscious perception of the
di mensi ons of water quality when they go fishing, but water quality nay be *
closely related to fish abundance and therefore to catch rates, so that water

quality variables are proxies for other variables which do enter directly into
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individuals utility functions. (At present, we are exploring OLS regression
model s for catch rates which include water quality variables.)

To determ ne whether perceptions of environnental quality reflect actua
| evel s of neasured dinensions of water quality, we can select the subsanple of

respondents who were queried regarding their ability to enjoy unpolluted

natural surroundings. W can then regress the NOPOLLUT variable on a range of
water quality variables to see whether any statistically significant
rel ationships energe. |f anglers appear to perceive water quality directly,
then we can argue that water quality probably enters directly into their
utility functions as a detectable resource attribute. [f not, we would be
inclined to say that appreciation of water quality variables is inplicit,
acting through other variables which are nmanifestations of water quality.

Results for this experiment are given in Table A 8. There are 695
observations for which conplete data exist for the initial set of explanatory
variabl es we use here, Once again, nonthly or annual averages for each bay
system are used for the water quality variables, rather than conditions
actually existing in the area on the specific day when the NOPOLLUT survey
response was collected. This averaging process may considerably obscure an
underlying close relationship between the date- and site-specific values of
the water qual-~ty variables, had we been able to collect this information
simul taneously with the creel survey. Consequently, the standard error for
the parameter estimates may well be larger than they would be with nore
accurate data. Thereforet-tests for the statistical significance of
coefficients are probably not concl usive.

Tabl e A 8 shows that several water quality neasures bear “estimated
coefficients with t-values greater than unity. The two different neasures of

di ssol ved oxygen, MO and DISO (from different data sources) enter oppositely
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and relatively significantly. Wter transparency (TRANSP) significantly

i mproves perceptions of low pollution. NH# and PHOS and CHLORA are positively

correlated with these perceptions; N TR is negatively related. CHROMB and

LEADB detract from perceived environnental quality. (Qher specifications

reveal the consequences of the high correlations between QLGS and LEADB:

one or the other used alone is strongly negatively significant, but not both.)
A tentative conclusion fromthese initial nodels is that people do seem

to have perceptions of environmental quality that are somewhat related to

actual measured dinensions of water quality. Loosely, then, policy actions

designed to change the levels of argunments which probably figure significantly

in regressions like that in Table A8 will change anglers’ perceptions of

pol lution levels. The censored |logistic regression reported in Table 5 could

then be used crudely in a “second stage” to infer the effects of such policies

on the demand for fishery access andon the total social value of the fishery.

9. Tentative Findings_and Directions for GContinuing_Research

At this stage, of course, the results we have obtained reflect only our

“first pass” through the data, to determ ne whether statistically discernible
rel ationships among the variables of interest will assert themselves. Having
achi eved sone success, it |Is now necessary to go back over all the data to
verify the plausibility of the observed values e nd to “clean” the sanple of
addi tional influential observations which may be causing varying degrees of
mschief in the estimtion process. (Qccasional questionable val ues energed
during the work thus far. ‘Usually, the statistical fit of the nodels is
i mproved by correction of these problens.

Sone remarkabl e outliers among the water quality data on bottom deposits
fromthe Departnment of\Water Resources need to be exam ned before these

“paranmeters” are included in the nodel. W also need to splice in the water



qual ity data obtained fromthe Texas Water Devel opment Board. Due to the
absence of a crucial map, we are not able at present to distinguish accurately
between the data for the Upper and Lower Laguna Madre areas. Wth that
probl em resol ved, we will have at our disposal a nunber of other inportant

di nensions of water quality.

Wth tighter data, we wll be able to enploy the nore refined
econonmetric methods described in sections 2.2 and 4.2 of the paper. For now,
we have been satisfied to obtain point estimates of the demand function
parameters and to rely upon the statistical significance of the underlying ME
logit parameters to inply the significance of the correspondi ng demand
function paraneters.

As is typical with survey analyses, the process of utilizing a data set
reveal s many ways in which the questionnaire could be inproved fromthe point
of view of using its results for particular tasks. W find that these data
woul d have been nuch nore useful if the range of offered threshold val ues had
been mani pul ated during the course of the survey to ensure that fairly even
proportions of “yes‘ and “no” responses were elicited. The efficiency of the
estimation process is greater when one is better e ble to discrimnate the
shape of the distribution in the vicinity of the marginal mean of the
distribution of inplicit valuations. This sanple has a disproportionate
nunber of “no” responses, which neans that the information we have frequently
concentrates on the upper tail of the distribution, which is l|ess helpful

For the pollution aspect of this study, ourobjectives would have been
hel ped by asking e || respondents direct questions about their water pollution
perceptions and explicitly whether these perceptions affect their enjoynent of

the fishing day (today or over the course of the year).
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[t would have been desirable to elicit retrospective information from
respondents on their approximte total annual catch of each species, their
sel f-assess fishing ability, and especially, their target species (this was
only asked in pro-trip interviews).

V& need to know nore about the econonetric literature on utilization of
group nmeans in lieu of individual values for explanatory variables. Since
some of our earlier work with San Francisco Bay area data (Cameron and
Huppert, 1988a, 1988b, and 1983c) has inplied that individual incone, for
exanple, is correlated with Census median zip code income only at a level of
roughly 0.3 to 0.4, much information may be lost by using these nedians as
proxies. On the other hand, there may be sone valid argunents for treating
zip code nedian income as a reasonable neasure of “permanent incone,” or the
operational l|evel of total consunption for the individual relative to
nei ghbors.  This nethodol ogical issue still need to be explored. As we have
pointed out in the paper, if information is being obscured by the use of group
means or nmedians, the standard errors of the point estimtes in our nodels
could be artificially anplified, making paraneters appear to be statistically
insignificant at any of the typical (arbitrary) levels. Wth “real” data, the
proxi ed variables mght be strongly statistically significant. W don’t know.

A maj or unresol ved issue,which has confounded us for sone tine, s the
apparent negative effect of catch rates for sone species on resource val ues.
This is counerintuitive, since we have strong priors that better catch rates
should inply a nore desirable resource. W «re confident that some
expl anation can be found. Certainly, five thousand Texans cannot be wrong.

Effort thus far has been focused on determning the parameters of the
demand functions corresponding to the fitted total valuation functions for a

year of fishing access. The basic inplications of macroeconom ¢ theory for
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the parameters of a |og-log demand specification are readily satisfied. The
price elasticity of demand for fishing days (if a nmarket existed) appears to
be roughly -2.2; the incone elasticity appears to be just less than unity,
implying that recreational fishing is borderline between being a necessity and
a luxury. It is unfortunate that the lack of specific denpgraphic data on our
respondents prevents us from unanbi guously identifying respondent
characteristics which would let us segregate the sanple and estimate separate
demand functions for each group. W& nust content ourselves with using zip
code averages as “shift” variables for a cormon demand specification
Ceographi cal heterogeneity in the demand for recreational fishing days
does seemto exist. Water quality variables seemto explain quite a |ot of
this geographic variation. The Vietnamese seemto have markedly different
preferences for fishing than the population as a whole. Mney spent on
associ ated market goods, once thought to beereasonable proxy for the non-
mar ket value of a fishery, is positively related to the value of fishing day
(but typically conpletely unrelated to catch success). Inportantly, nany
ot her explanatory variables make strong contributions to explaining the annua
value of fishing day access; reliance solely upon market expenditures coul d

severely nmisstate resource val ues.
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APPENDI X |

NONLI NEAR OPTIM ZATI ON OF THE CENSORED LOG STI C REGRESSI ON MODEL
a.) Gadients and Hessian El enents for Nonlinear Optinization

For the sinplest version of the nodel, with g(x,,8) - x'8, we can wite
out these derivatives by first defining the follow ng sinplifying

abbrevi ati ons:
(D ¥3 - (t; - x;'8)/ * R = 1/(l+exp(-¥,)) § = R exp(-¥,)
The gradient vector for this nodel is then given by:

(2) slog L/ag, = Z (%, /%) ((Ij - 1) "R r-1 p

dlog L/ar = (¥,/x) ( (I; - 1) + R )

The el ements of the Hessian matrix are:

-(1/x*) Ix xS rns=14 .. .,p

(3) a%logL/as 3B, 1%t

a%logL/afax = -(1/* Ex, ( (I, - 1) +R(1+¥)) -1 p
3%1logL/ar? = -(1/6%) = (26) ( (I - 1) + R ) +¥,%S,
The expectation of I; is {1/(1+exp(¥,))]. The negatives of the

expectations of the Hessian elements are as follows:

(4) - E(a%logL/aB aB,) = (1/x%) T x,x,, S, rs=1...,p

- E(3%logL/3B k) = (1/x?) T x_¥, S, r-1,...,p
- E(3%1ogL/an?) = (1/x%) T ¥} S,

For models with nore general forms of the valuation function, g(x,.8),

the gradient vector and Hessian matrix will have different formulas. In these



situations , it may prove easier to substitute conputing time for programm ng
effort by using numeric derivatives in the optimzation process.
b.) Standard Error Estimte for Logistic Regression Parameters from Ordinary
ME Logit Al gorithmns

One alternative is to use Taylor series approximtion fornulas for the

variances of the desired paraneters (Kmenta (1971, p. 444)):

(5) Var(x) - Var(-l/a) = [1/a?]? Var(a)
Var(g,) - [v,/a®]* Var(a) + [-1/a]? Var(y))

+ 2[v/a’1[-1/a] Cov(a,7,)

A second possibility is to use the analytical formulas for the Hessian matrix
given in (3) in conjunction with the optimal values of B and « derived from
¥*. The negative ofthe inverse of this matrix can be used to approxi mate the
Craner-Rao | ower bound for the variance-covariancematrix for pgand «.
Alternately, the expected values of the Hessian matrix el ements are sonetimes
used in this process.

Wi chever way the point estimates «reobtained, e nd by whatever nethod
the asynptotic standard errors are deternmined, these ingredients are necessary
for hypothesis testing regarding the signs e nd sizes of individual 8
parameters. These can frequently be interpreted as derivatives (or as
elasticities) of theinverse demand function (orad hoc “valuation” function),

and assessments of their probable true values are can be an inportant

obj ective in many enpirical investigations.8

"The outer product of the gradient vector evaluated at the optinumis al so
sometimes used. However, since the expectation of the Hessian has sinple
formulas, it is probably preferred in this application.

8 O0f course, if estimates are achieved by optimzation of(10), hypothesis
testing regarding the #s (individually or jointly) is the sane as in any
maxi num |i kel ihood context: by l|ikelihood ratio tests



APPENDI X I
CONSTRUCTI ON OF ESTI MATI NG SAMPLE DATA

1. Chservations from.the Texas Parks and Wldlife Survev

The “high use” season data set fromthe survey covers primarily the
period from My 1987 to Novenber 1987, although a few observations are
included for December, 1987 and for January and February, 1988. V& begin our
analysis with the 9413 responses collected in post-trip interviews al one.

Rel atively fewer respondents were interviewed before their outings, since
survey interviewers arrived later in the norning than nost anglers |eave for
fishing trip. Also included are the 1094 respondents who were interviewed
both before and after their fishing trip. These respondents were al so posed
the contingent valuation question; they will also b. systematically different
types of individuals because all are characterized by departing typically
later in the day. This may be related to their inplicit resource val ues.

Variables fromthe survey which are available for use in this study
include the follow ng:

MAJOR whi ch of eight major bay systens (1 -north; 8-south)
HOLI DAY whet her the surey day was a holiday
DAYTYPE 1st digit (holiday) 2nd digit (day of week)

MONDAY  year/ nont h/ day
M NOR code identifying mnor bay where survey was conducted

STAT numerical code identifying survey site

ID boat |D nunber

INTTIME interview time

TR P

ACT ® ctivity- recreational fishing or partyboat fishing

PEOPLE  nunber of people in the party

COUNTY  code for county or state of residence

M NBAY mnor bay where nost fish were caught

CEAR type of fishing gear usedby party

BAIT type of bait which caught the majority of fish
REDS number of red drum | anded

LRED | argest specimen |anded and measured

MLRED average length of <-6 specinmens |anded and neasured
TROUT number of spotted seatrout |anded
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MLTROUT “
CROAK nunber of croakers |anded
LCROAK
M.CROAK
SAND nunber of sand seatrout |anded
LSAND
M_SAND
BLACK nunber of black drum | anded
LBLACK
M.BLACK
SHEEP nunber of sheepshead | anded
LSHEEP
M_SHEEP
FLOUND nunber of South Atlantic flounder |anded
LFLOUND
M_FLOUND
TOTAL total landed, all species
LTOTAL
M.TOTAL
SWIRIP  nunber of saltwater fishing trips made in the
| ast 12 nonths
SI TETRI P nunber of trips to the survey sight in last 12 nonths
FWIRIP  nunber of freshwater fishing trips in last 12 nonths
SATI SFY overall grade given to the fishing trip (0-10)
POSTRELX answer to the post-trip question on extent person
was able to rel ax
POSTCAT answer to the post-trip question on extent person
was able to catch fish;
POSTVAR answer to alternating questions on other dinensions
of fishing trip
ZIP five-digit zip codes which will be used to merge survey
data with census tract information on zip code areas
for the o pproximtely 90% of the sanple with Texas
residency inplied. “What is the zip code where you
currently live?”

MON dollars spent on the fishing trip for non-capita
mar ket purchases:  “How much will you spend on this
;ishing trip.fromwhen you left honme until you get
ome ?

CONTVAL conveys the arbitrarily assigned threshold val ue
proposed to each respondent e nd their yes/no response
to the question: “If the total cost of all your
saltwater fishing |ast year was dol lars nore,
woul d you have quit fishing conpletely?” A “no”
response therefore inplies that the resource val ue
is greater than the threshold.

Wiile the data set was quite well checked for consistency prior to our
receipt of it, several unusable observations had to be deleted. Criteria for

del etion were:



m ssing data on the contingent valuation question
erroneous codes for the relaxation or catch satisfaction questions;
- inadm ssible codes for the post-trip varying satisfaction-oriented

questions;
- inadmssible levels for the relaxation or catch satisfaction
questions;

i nadm ssi bl e values for the response to the contingent val uation
question

more than 365 reported saltwater or freshwater fishing trips reported
over the |ast year; o _
- fractional nunbers of salt- or freshwater fishing trips reported
" negative or greater than 365 trips per year
satisfaction Likert scale values outside the 0-10 integer range;
trout catch greater than 300, total catch greater than 300;
zip codes greater than 99999, _
no average abundance figures for this month or bay system
If prelimnary specifications on this data set indicate that certain
variabl es appear to have no statistically discernible effect on valuations,
the presence or absence ofvalid values for these variables wll be
irrelevant, and sone ofthese observations can be reinstated.
Initial specifications do not incorporate sanpling weights to offset any
bias in estimated val uations which could result from systematic deletions of
observations upon criteria which are correlated with resource values. If

necessary, weights will be incorporated in subsequent specifications.

2. Controlled Catch Rate Data, Resource Monitoring_Data Set

Anot her requirenent of this study is some neasure of“expected” catch
rates by time and location. Actual catch associated with the fishing
excursion during which the survey responses were collected are at best an
i nperfect indicator of catch expectations. Contenporaneous catch effects are
al so confounded by the possibility that the angler’s expertise is unneasured
and this expertise will sinultaneously affect both their valuation of the
resource and their current catch. This will result in misleadingly large

estimtes of the inpact of catch rates on the total value of the year’s access
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to the sportfishery if expertise, catch and resource valuation are all
positively correlated (which seens |ikely).

In order to avoid the omtted expertise variable' s biasing effect on the
catch rate coefficient, we take advantage of a supplenentary data source which
can be nerged with the survey data. The Texas Departnent of Parks and
Wldlife regularly collects information on individual species abundance,
sizes, tagging, and other information. W elect to use this resource
monitoring data for the period 1983 to 1986, for which 23,729 sanples are
available. Since we seek to reproduce a proxy for anglers’ expectations about
catch rates, the 1983-86 period would seemto provide a proxy for recent

experience.

Each observation in this large data file conveys information collected
during a particular controlled harvest. Variables include, gear type (3
kinds), location, date, effort (which depends on gear type), neteorol ogica
data (including wnds, cloud cover, rain, fog, water tenperature, water depth,
turbidity (TURB), salinity (SAL), dissolved oxygen (DO), barometric pressure,
tide information, and wave height. The gear is applied to the fishery for a
neasured period of time. At the end of the sanple period, the gear is renoved
and a count is taken of each type of organismcollected. Mean lengths are
al so available. W focus on information for the mmjor recreational target
species of finfish: red drum (REDS), croaker (CROAK), black drum ( BLACK),
spotted seatrout (TROUT), sheepshead (SHEEP), sand seatrout (SAND), and
sout hern flounder (FLOUND).

In distilling this information into a catch expectation variable for
each species, several manipulations are required. First, we standardize the

catch using each of the three gear types to the mean nunber of effort units

for each gear type. This controls for variations in catch rates due solely to



differing sanmpling durations, yielding catch per unit effort (CPUE) for each
type of gear, for arbitrary effort units.

Once these “catch per unit effort” (CPUE) figures have been obtained, we
conpute overall neans and standard deviations in CPUE for each species by gear
type. W& then use these neans and standard deviations to “standardize” the
i ndi vidual CPUE figures for each species and each gear type. The resulting
quantities are “indices” of CPE The different gear types do not necessarily
yield additive estimates of catch rates, since they differ in effectiveness
for any given nunber of hours of application. Therefore, we nust resort to
the standardized indices, which are unit-free (i.e. we subtract the overal
mean CPUE for each gear type, and divide through by the overall standard
deviation in CPUE for that gear type).

The next step is to aggregate these indices across gear types to come up
with a weighted average (across gear types) of the three indices of
standardi zed CPUE  CQur objective, initially, is to create indices of expected
catch rates for each major species for each sanple nonth and each major bay
system al ong the Texas Coast.

The wei ghts we use are therefore the proportion of sanples collected by
each type of gear in each nonth and each mmjor bay system This inplies that
if one type of gear was only infrequently used in a given nonth or bay system
the CPUE index for this type of gear will receive a very |ow weight in the
aggregation ecross gear types. Averages CPUE indices derived fromlarge
nunbers of sanples are presuned to be nore reliable, and therefore receive
| arger weights. (DATA CTCH ND2)

In addition to the weighted average abundance indices by nmajor bay and
month, we also conputed annual average catch rates for each ngjor bay.

( DATA. ANCATCH2) Since the survey of recreational anglers asked whether they
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woul d have given up fishing entirely if the access cost had been a particul ar
specified amount, it will also be inportant to consider whether annual average
expected catch is a better explanatory variable for resource valuation than
actual catch on the current fishing trip or even nonthly expected catch around
the tinme when the survey response was elicited. However, various different
measure of catch rates will be included in the valuation nodels, to determ ne
whi ch neasure, statistically, seenms to have the greatest effect of resource
val ue.

Bear in nmind that the constructed abundance variabl es (Mkxxxx for
mont hly averages by bay system Axxxxx for annual averages by bay system are
nmeasured in standard deviation units. \Wen these variables are used in
regressions or logit anal yses, the coefficient reflects the consequences of a
one standard devi ation change in abundance.

V& may al so take advantage of some of the dimensions of water quality
collected along with the resource nonitoring data. The 23,729 observations
provides a rich quantity of information on turbidity, salinity, and dissolved
oxygen. We conpute average val ues of these neasures for each nonth and each
bay system MIURB, MSAL, e nd MDO (DATA TURSALDO), to be enpl oyed in

regressions of pollution perceptions on neasured water quality |evels.

3. Iexas Department of Water Resources Water Quality Data

Dave Buzan and Patrick Roque of the Texas Department of Water Resources
were kind enough to allow us to utilize information on the characteristics of
a large number of water sanples taken at diverse locations throughout the
Texas estuarine/bay systemfor the purpose of monitoring water quality.

W use only those observations on water quality neasures for which a
precise quantity is given. W excluded all observations for which it was only

recorded that the amount of the substance was greater than a certain amunt.



For a few hundred observations, it was reported that the measured amount was
less than a certain amount. For these cases, the threshold anount was very
small, so we opted to record “zero” for these neasures, so as not to bias
upwards the nmean quantities of these substances

Wil e occasional water sanples were taken on an incredible variety of
water quality “paranmeters,” consistent sanpling focuses on transparency
(TRANSP), dissol ved oxygen (DISO, nonfilterable residues (RESU),
nitrogen/ammonia (NH), nitrate nitrogen (NTR, total phosphorous (PHOX), and
chl orophyl I -A (CHLORA). There were from 816 to 3884 observations on these
qual ity measures; the other paraneters all had fewer than 100 neasurenents, so
that nonthly averages by bay systemwere deened to be less reliable. For
these other water quality measures (having from90 to 100 observations), we
generate annual average levels for each bay system These neasures include
‘I oss on ignition, bottom deposits” (LOSSIGN), oil and greaee (QLGRS), and
organic nitrogen (ORGNITR). In bottom deposits, a few records are avail able
for each bay system on phosphorous (PHOSB), arsenic (ARSENB), barium
(BARIUMB), cadmi um (CADM UMB), chrom um (CHROVB), copper (COPPERB), | ead
(LEADB), manganese (MANGANB), nickel (N CKELB), silver (SILVERB), zinc
(ZINCB), sel enium (SELENB) and nercury (MERCURB). These netal s contam nation
data can be enployed investigate whether amounts or perceptions of meta
contam nation appear to be statistically related to resource val ues.

Locational information for these sanples is recorded at the |evel of
“stations,” which we identified on maps and aggregated into each of the eight
maj or bay/estuary systens along the Texas gulf coast. Subsequent research may
di saggregate further, but for now, we rely on the presunption that each bay is
a reasonably isolated aquatic system There is considerable variation across

bay systems in the average levels of these “paraneters.” [Early nodels use
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only those “paraneters” which do not seemto involve questionable “outliers’
among the sanmples. Further investigation of these outliers will be necessary
before we can be confident about using bay average |evels of contam nation as
accurate measures of true |evels. ]

In sum we have determ ned average |evels for each of these basic water
quality parameters for each bay system and for each nonth (DATA DWRPARM). W
al so aggregate to determ ne annual averages for each bay system
(DATA ANDWRPAR )  For the netals and other parameters for which there are fewer
observations, we have only ei ght observations, by major bay system

( DATA. HVYMETAL) .

k. Hydrol ogi cal and Meteorological Data Collected gt Survey Sites

For each day at each survey site, TPW personnel recorded fairly detailed

i nformation about weather and surface conditions in the vicinity of the survey
site. Both beginning of “day” and end of “day” values were recorded. W
begin by considering only the beginning conditions (bearing in mnd that this
was approximately 10:00 a.m). These data can be merged with the actua
survey responses according to major bay, date, ninor bay, and station nunbers.
Information fromthis data set which may prove pertinent includes

BWNDSP - beginning wind speed,

BCLOUD - midpoints-of cloud cover categories;

BARO - beginning baroneter reading;

BRAIN - whether itwas raining (0 = no, 1 = yes);

BFOG - whether there was fog (0 - no, 1 = yes);

BTEMP - tenperature in Cel sius;
The tenperature data contained obvious reporting errors, where tenperatures
had clearly been recorded in Farenheit instead of Celsius. Fortunately, there
is very little potential for overlap in the two scales. W discredited any
supposedly Cel sius temperature over 40, presuned it was Farenheit, and

converted it to the corresponding Celsius nmeasure. Consistency checks
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confirmed chat the corrected data were feasible, give the location and tines

of year.
W nerged these data (DATA MDMETEOR) directly with the survey response

records, based on day and location. \We also constructed mean nonthly levels

of each of these weather and sea condition variables foreach bay system

( DATA. METECR), as wel | as annual average levels for each bay system

( DATA. AVETECR) .

5. Texas Water DeveloDmen Board Water Quality Data

David Brock of the Texas \Water Devel opment Board has been very hel pful
in providing us with some of his agency’s data on water quality. At the tine
of this witing, we are still seeking additional information necessary for
nerging this information with the other data sets. The original merge
criteria contained an error.

The TWDB data neasures many of the same water quality “paraneters” as
does the DWR data, plus sone additional ones. The included data are:

Vater tenperature (C
Turbidity (jksn ju)
Transparency (secchi cm
Conductivity field @5 Cmh
Conductivity lab @5 C - mcronh
Di ssol ved oxygen g/l

pH SU

Amoni a NH3-N ng/|

Nitrite NO-N ny/l

Nitrate -N ng/l
NitrogenT Kkjeldl ng/l
Phos-T P-wet ny/l

Phos-D ortho ng/l

Organ. carbon toc ng/l

Sul fate SO ny/l

Chl orophyl I - A g/l

These data will be incorporated with the main data set as soon as the

geographi cal definitions can be conformed accurately.
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6. Health Department Data

In February 1988, during a visit to Austin to confer with the other
agencies nentioned in this Appendix, | met with Texas State Heal th Departnent
data managenent personnel with Mury Gshorn of the TPW Coastal Fisheries
Branch. The Health Departnent maintains detailed historical records of water
contamnation, in particular for the purpose of determning shellfish
“closures.” W were informed that if a request for this data was issued by
Jerry Cark of TPWdirectly to the Health Departnent, these data could be
released to us. This formal request was made, but as yet, no data have
materialized. W are not sure what eccounts for this lack of cooperation, but

we will persist.

. ¢ Data (1980) for Texas. bv S-Digit Zip Code

The Inter-University Consortiumfor Political e nd Social Research
(ICPSR) provided at nominal cost a tape containing detailed informtion about
Texas residents aggregated to the level of 5-digit zip codes. Since all post-
trip interviews attenpted to collect the respondent’s hone zip code, we have a
rich source of supplenentary denographic data which we can e xploit to reduce
(to a certain extent) heterogeneity in valuation responses.

By far the majority of respondents (over 90%of the sanple) gave zip
codes within Texas. For these respondents, then, we can augnent our array of
potential explanatory variables for the valuation nodels with Census
information. It is extrenely inportant to keep in mnd that zip code
proportions or medians for these variables are by no means identical to the
respondents’ actual characteristics. At best, we mght assert that since 5
digit zip codes are very small areas, geographically, it is nore plausible to
use zip code denographic averages than, say, county or state averages, to

control for denographic heterogeneity.
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The Census data which we suspect may be relevant to explain valuation
responses were extracted fromthe Census tape and assenbled in a file called
DATA. TEXCENSL .  Qur variables are:

HHLDINC - medi an househol d incone in 1980 (TABLEGY);

FAMNC - median famly income in 1980 (TABLE74);

MEDINC - nmedian individual income in 1980 (TABLES2);

PURBAN - proportion inside urbanized areas (TABLEL);

PRETI RED - proportion of individuals in zip code over the age of 65

(comput ed from TABLELS);

PSPANI SH - proportion of individuals in zip code claimng hispanic

background (conputed from TABLEL3); o o

PSPNCEN - proportion of over-18 individuals in zip code clainmng to speak
Spani sh at honme and to speak little or no English (conputed from
TABLE27) ; _ _

PVIETNAM - proportion stating “race” as Vietnanese (TABLEL2);

PFFFI SH - proportion of individuals in zip code reporting to work In

“forestry, fishing, or farmng” sectors (TABLEG6)

PTEXNATV - proportion of individuals in zip code reporting birthplace

out si de Texas (TABLE33).

W anticipate that household incone (HHDINC) will be the nost
appropriate explanatory variable reflecting income |evels, although the other
income neasures will be explored. Since retired persons’ opportunity costs of
time for going fishing «ra smaller, we expect that if you come froma
community with a large proportion of retired persons (PRETIRED), your
l'i kelihood of being retired yourself is larger, and your valuation of the
fishery may be systematically different. The proportion of people in your zip
code living in a designated urban area nay al so affect your motivations for
going fishing, end hence your value of access.

Cultural differences In tastes and preferences (for different species of
game fish, or for recreation in general) may affect valuations. Especially
since some people significantly supplement their diets with “game” fish, we
would like to control for these differences. The PSPANISH vari abl e includes
peopl e who have lived in the US or Texas for several generations; the PSPNCENG
variable is intended to capture the proportion of recent immgrants from

Mexi co, since this is by far the most prominent inmgrant group in the state.
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I f PSPNCENG i s significant where PSPMSH is not, this may reflect
assimlation of the inmgrant group, at least in terns of preferences
regarding fish and recreation. Al though this is 1980 Census data, significant
numbers of Vietnamese immigrants had already settled in Texas, by that tine.
PVIETNAM wi || be slightly outdated, but may nevertheless be inportant.
Unfortunately, the Census tapes do not seemto identify individuals which
consi der thenselves to be a menmber of the prevalent “Cajun” ethnic group.
PTEXNATV is the proportion of the comunity which reports being born in Texas,
versus elsewhere. This variable ignores the cultural background of
individuals, and sinply discrimnates the proportion of the comrunity which
may have less famliarity with Texas recreational resources, fish species,

angling techniques, etc.
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